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Molten Salts: Volume 4, Part 2, Chlorides and Mixtures 

Electrical C~nductance, Density, Viscosity, and Surface Tension Data 

G. J. Janz, R. P. T. Tomkins, C. B. Allen, J. R. Downey, Jr., G. L. Gardner, U. Krebs, and S. K. Singer 

M(llf(,71 Sal,. Dala ('('''f~r, Dpparfm"nl 0/ Ch('mislry, R"nsselal'r P(llyl,,"hnic Institute, Troy, N.Y. 12181 

Data on the electrical conductance, density, "iscosity, and surface tension of chloride mixtures 
have been systematically collected and evaluated. Results are given for 124 binary mixtures over 
a range of composiliono .and tempero.turco. Vo.]u>c.:5 of the above properties ~or the ain151c ao.lt5 have 

been updated in accord with previously advanced recommendations. 
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The published data for the four physical properties: 
electrical conductance, density, viscosity, and surface ten
sion for molten mixtures of chlorides-chlorides have been 
reviewed and critically assessed, and the results of this 
work, together with value juclgrnents are reported herewith. 
This publication is Part 2 of Volume 4: Binary Mixtures of 
Halides. For earlier publications in this series see [1,2,3,4] 1. 

In addition to the assessment of the binary chlorides, a 
review of the data for single salt chloride melts was under
taken as an update to the recommendations advanced in 
1968 and 1969, and the results of this work are also 
reported. 

Chloride mixtures are arranged in alphabetical order 
by cations according to chemical symbol. The presentatio:r: 
of the material is organized as follows: some observations 
concerning melt preparation and purification are given 
together with a temperature-liquidus phase diagram, when 
available. This is followed by a tabular presentation of the 
investigations critically examined, including temperature 
and composition ranges, and comments on cell materials 
and calibrations. Table(s) of recommended numerical 
values over the experimental temperature and composition 
range::. complett: tIlt: jJlt!:;t!lJll:!livIl. Each of the four proper
ties are treated separately. General summary tables giving 

lNumbers in Lrockets refer to literature rcfercnc~s in $ection 8. 
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NaCI-ThCI4 •••••••••.•••••.••••.••••• , •••••• 

NaCI-TiCh ............ , .... ' .......... , ... . 
NaCI·UClR ••••••••••••••••• , ••••••• , •••••••• 

:;\'aCI-UC14 , ••••• , •• , •• , ••••••••••.• ,., ••••• 

NaCl-ZnCb ... , ...................... , ..... . 
N"CI·ZrCL, .......... , ..................... . 
PhCJz-RbCl ... ,., ....................... , .. . 
PbCb·TICl ., ............................ ,. 
PbCb-ZnCI~ ., ............ , ................ . 
RbCl·ScCJs ................................ . 
RbC!-TiCb .... , ....... '" .. , .......... , ... . 
RbCI-UCJ4 •• , •.••••••• , •• , •••••.••••••••••• 

RbCl-ZnCI, .. - - - - ........................ , .. 
SnCb-ZnCb .... , ... , ............. , ......... . 

1107 

1111 
1113 
1117 
ll20 
1120 
1121 
1124 
1125 
1128 
1199 
1130 
1131 
1133 
1134 
1135 
1138 
U12 

1143 
1146 
1149 
1150 
115] 
1152 
1156 
ll61 

a total overview of the number of investigations and appli
cation of techniques are provided at the end of the manu· 
script. 

2. Symbols and Units 

The symbols and units~ for the four physical properties 
in this compilation are: 

K = specific conductance (ohm-lcm- I) 
p = density (g cm- 3) 

." = viscosity (cp) 
y = surface tension (dyn em -1 ) .3 

In addition: 

E = activation energy (cal mol-I) 
A = equivalent conductance (ohm -1 cm!! equiv -] ) 
C = concentration (mol ~'(.) 

R = gas constant = l.98717 cal mol- I deg- I 

T = temperature in kelvins, defined on the thermo· 
dynamic scale by assigning 273.16 K to the triple 
point of water (freezing point, 273.15 K = O°C). 

). uhm-1cr:l- 1 ::::: x )O~n-lhl-l 

1 ~ «:m- 3 1 X l{1~K g l'm-:l 

1 <p = 1 X JO-"~ s m-' 
1 d"n cm- l 1 X lQ-o"IN' m- 1 

1 Ctl.~ mo}-l = 4,)84 J Jll('l;-', 

3Whetl "'I :'s tTE'liteil a~ 11 {r('c cnerl!'Y per II nTl nrt'J. it is r;i\',m the unit, erg 
0-:1- 3 ; thi:;; is d;m(,rl~i(}ll.ally identic-allo drr. cm- 1, 



114() 

1149 
1150 
1151 
1152 
11::'6 
1161 

Id appli. 
e manu. 
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3. Experimental Methods 

The principlc8 aild practice of expeIimental mea~Ule

ments of electrical conductance, density, viscosity, and 
surface tension have been reported in the preceding vol
umes [2, 3, 4.] as well as more specific remarks of utility 
relative to molten nitrates and molten fluorides. See also 
[222] and [305] for some additional comments. These 
principles and procedures are generally applicable to work 
with molten chlorides if due care is taken in the selection of 
materials for containment of the melts; chlorides are less 
"aggressive" than fluorides and the material problems are, 
accordingly, less severe. Pyrex, Vycor. quartz, and plati
num have been widely used in contact with molten chlo
rides; useful summary tables on containment and corro
sion are given elsewhere by Janz4, and the theoretical 
principles have been discussedby Ljttlewood~. Information 
on melt purification, containment, and experimental tech
niques, as reported for the various binary chloride-chloride 
mixtures. has been summarized and thi" i" eivf'n pj<;pwhere 

in this work. The remarks in this section are limited to 
some points for attention when precision and accuracy 
are important considetations to the measurements.6 

3.1. Electrical Conductance 

A study of the experimental methods used for molten 
salt conductivities has been reported by Ketelaar and 
Maenaut7, with particular attention to possible errors. The 
results may be summarized as follows. 

The varioul5 COIJJuclam;e cell designs may be grouped 
into 3 principle design types: (i) the V-shaped capillary 
design, open only to the two electrodes and in which the 
molten salt is entirely contained within the cell; (ii) the 
dip-type capillary design, consisting of a single capillary, 
or "twin" capillaries immersed in the molten salt. with 
the result that the external surfaces of the cell are ~Iso in 
contact with the melt; and (iii) the non-capillary type 
cells having plane electrodes or hemispherical electrodes 
immersed in the molten salt. With the former two types, 
high cell constants can be attained with the result that thf' 

conventional high-precision AC conductance bridge tech. 
niques are readily applicable; with the latter, high cell 
constants cannot be achieved so t~at special techniques 
i!>uitaL1t: Ivr very low resistance measurements must be 
used, e.g. such as the Kelvin double bridge. 

The conductance recommendations advanced for the 
alkali halides as single salt melts in the first volume in 
this series [1], were based on the work of Van Artsdalen 
and coworkers, in which versions of the dip-type capillary 
cells were used. The possibility of parasitic conductance 
through the cell walls exists in this design. Although the 

4G. J. Janz; Molten Salts Handbouk; Sec. V.B. p. 388-405; Arauemic Press, 
N.Y. (]969). 

l'iR. Littlewood, in: "Corrosion", R. Schrier C'u., Vol. 2. Chao. 9. MarMil1an 
(P.,gamon) N.Y. (1963). 

uThe commercial SOIlT('CS of c('rlain materials are identified in th~s article ill 

orner to spe-rify <H1equately Ihe e:xp(,T10l('nlal procedure. Such identification does 

not in any case imply r('commcnJation or endorsement of the material by the 
National Bureau of Standard!:. 

'J. A. A. Ketelaar and P. P. E. Mapnaut; Electrochitnica Aeta
j 

17,2]95 (1972). 

conductivity of quartz glass is negligible at temperatures 
as high as 1000 °C, this may no longer hold true when 
the qual tz ~ulface~ ,lie ill Jilecl cvutact willi ll,,;; l1lUltt;;1I 

salt. The diffusion effect of alkali ions of smaller ionic 
radii (e.g., Li+, Na+) from the melt into the quartz may 
be sufficiently significant at the higher temperatures (800-
1000 0c) to constitute a parasitic conductance, with the 
result that observed values will be too high. The electrical 
conductance of molten sodium chloride has thus been reo 
investigated by Ketelaar and Maenaut, with special atten· 
tion to possible errors due to this factor. The parasitic 
conductance of the walls, for cells of the dip-type, was 
measured in the temperature range of 800-1000 °C, using 
molten NaCl and high precision ac conductance tech· 
niques. A redetermination of the conductivity of molten 
NaCI with the V·shaped capillary celJ design was under
taken and these results together' with an overview of the 
total input for NaCI are given below. 

A graphical comparison of the percent departures of the 
clara of vlnlons invP"tiz"tors with the NSRDS rpcom_ 

mended data base is shown in figure 1. Values of both the 
specific conductance and the equivalent conductance at 
rounded temperatures from the investigations of Van 
Artsdalen and Yaffe [1] and Ketelaar and Maenaut [309] 
are given in table 1. 

TABLE 1. Comparison of sp~dlir. r.ontlnr.tanr.p. (K) antl P'l"iva jpnt 

conductance (A) values at rounded temperatures for NaCl 
from the investigations for Van Artsdalen and Yaffe [I] 
and Ketelaar and Maenaut [309] 

T Van Artsdalen Kete1aaer Van Artsdalen Ke\e1aaer 

1080 3.596 135.4 
1090 3.629 137.1 
llOO 3.660 3.689 138.8 140.0 
ll10 3.692 3.715 140.4 141.3 
ll20 3.723 3.740 142.1 142.7 
ll30 3.753 3.764 143.8 144.1 
1140 3.783 3.787 145.4 145.4 
1150 3.813 3.810 147.1 146.8 
1160 3.842 3.831 148.8 148.1 
1170 3.870 3.852 150.4 149.4 
ll80 3.898 3.872 152.1 150.7 
1190 3.926 3.891 153.7 152.0 
1200 3.954 3.910 155.3 153.3 
1210 ?'.QRO 3.927 lS7.0 151.6 
1220 4.007 3.944 158.6 155.9 
1230 4.033 3.960 160.2 157.1 
1240 4.058 3.975 161.8 158.4 
1250 4.083 3.990 163.4 159.6 
1260 4.108 4.003 165.0 160.8 
1270 4.132 4.016 166.6 162.0 
1280 4.156 4.028 168.2 163.2 
1290 4.179 4.039 169.8 164.4 

Temperature·dependent equations 

n,n At".a'.n' = -2.4975 + 8.0431 • 1O-3T 2.2227' 1O-GT2 
l,,· •• • n,d,'.,' 544.6 exp (-2990/RT) 
Kl<",.,., = -4.0890 + U.llb~l:l· 10-0 1' - 4.0534' 10-uP 

standard error of estimate = 0.270/0 
Ali".,,,, = 417.7 exp (-2390/RT) 

, standard error of estimate = 

J. Phys. Chern. Ref. Dala, Vol. 4, No.4, 1975 
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FIGI·nr. J. Comparison of pprcent departure of lite dala of variou~ invp>tigalors with the van !\rt~daJen specific: conductance data for NaCl. 

Inspection shows that the techniques are in agreement 
( ± 1.070 ) for temperatures from 800°C to ~930 °C; at 
higher temperatures, the dip-type results are uniformly 
higher I maximum percent departure, -3.35jf, 1020 °C). 

The parasitic conductance effect is thus a significant factor, 
and due cOfrnizance of this is important for measurements 
where hig.hest accuracy is an important consideration. If 
oip-Iype cells are u~ed, the parasitic conductance effect llJa} 
he corrected for by undertaking additional measurements 
,,.jlh an assembly in which the capillaries of the conduct
ance cells have been flame-sealed; the effect may also be 
diminished hy a double "'alled capillary, in which the two 
surfaces are separated by an air layer. The alternate is to 
avoid this through the use of the li-shaped capillary design, 

J_ Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

air thermostatted, and in which the molten salt is entirely 
contained within the conductance ceiL 

lnspection of the updates for HbCI and CsCI, show quite 
~jmjjar deviatioll" "lIeu lIlt: ViiIl Artsdalen results are com
pared with results from other laboratories and this appears 
as additional support for the preceding viewpoints. It is 
apparent that unless due care is taken to eliminate the 
conductance parasitics, measurements of the electrical con
ductivity of such molten salts at temperatures above 350°C 
should be viewed with caution. 

3.2. Density 

Some five techniques have been used for the density 
determinations of mixture~ of molten chlorides: ti) Archi. 



lensity 
Archi-

-
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medean method, (ii) dilatometry, (iii) a flotation tech
nique, (iv) pycnometry, and (v) the bubble pressure prin. 
ciple. The principJes of the three most widely used tech
niques have been reviewed elsewhere [3]. The flotation 
mcthod, used by Boston [90, 110] for alkali·halide·AICh 
mixtures, is a recent innovation, well suiterl for moderatdy 

low melting systems and capable of good precision and 
accuracy. 

3.3. Viscosity 

Th .. prohlem. of selected molten salts as calibrating fluids 
for molten salt viscometers may be summarized as follows. 

The viscosity of molten KKOH has been investigated 
some 13 times since the studies of Kalmus and Lorenz in 
1907, and at least 8 times in the past decade (with both 
capillary and oscillational techniques). A statistical treat
ment of the values falling within the limits 1.0,1.5% agree
ment, gives the following results [3531: 

KNO:J (temp. range, 630·750 K) 
(11 0 data points, 13 investigations) 

Power series equation: 

1') == 28,4·().:J. - 0.06752062T -"- 0.4220783 X 1O-Q2 

(standard error of estimate = 2.05 X 10- 2 ) 

and the derived viscosities at rounded temperatures are: 

T (K) 620 630 640 650 660 670 680 690 
KN03 (cp) 2.76 2.62 2.48 2.35 2.23 2.11 2.01 1.91 

T (K) '700 710 720 730 740 750 760 
KN03 (cp) 1.82 1.7'1 1.67 1.61 1.55 1.51 1.47 

The preceding resuhs are thus based on thc results of some 
13 studies independently undertaken at various laboratories 
using either the capillary or the damped osciJIational vis
ro~ity terhniCJlIe~. An accuracy of better than ±1.5% may 
be assigned to the values thus established, and within these 
limits, the results appear suitable for cross·checks of 
viscometer calibrations at moderately high temperatures. 

At somewhat higher temperatures, i.e. molten alkali 
metal halides, (900-1300 K) the data are insufficiently well 
established to enable recommendations to be developed 
from the viewpoints of calibration quality data. The situa
lion may be summarized as follows. Viscosity values that 
have been established by two differing viscosity techniques 
(e.g., the capillary and damped oscillat ional techniques) 
are non·existant for the alkali halides, and indeed for any 
halides in this temperature range. Potassium chloride 
would appear a suitable candidate for this in view of its 
availability. ease of purification. and high temperature sta
bility. Of the 7 data sets known for KCI, all are from the 
damped oscillational viscosity technique. A statistical least· 
squares analysis of the data falling within the limits of 
== 1.5 70 agreement gives the results: 

KCI (temp. range, 1060-1200 K) 
(5 investigations, 23 data points) 

'7 = 12.333 - 0.18646 X IO-1T + 0.71861 X 1O-uT2 
(stand. error of estimate, 9.90 X 10- 3 (1.01%) 

The vj~co5it;e" at rounded temperatures thus derived are: 

T (K) 1060 1070 1080 1090 noo 
KCl (cp) 1.138 1.105 1.073 1.042 1.013 

T (K) 1110 1120 Jl30 1140 1150 
KCl (cp) 0.986 0.960 0.935 0.911 0.890 

T (K) 1160 1170 1180 1190 1200 
KCI (cp) 0.369 0.850 0.332 0.816 0.802 

Two data sels fall far outside these limits, the 1964 
results of Nishihara et aJ.8 (20-24% departure; uniformly 
positive), and the 1970 results of Grjotheim et al.9 (-7 to 
-10,/<, departure; uniformly negatiye). In the application 

of the oscilJalional technique, it appears insufficient to 
cross-check the calibra60n '''ith molten KNO~ if the sub
sequent measurements are at much higher temperalures (as 
for the molten halides) since the temperature gradients of 
the torsion wire will differ, and this may be the source of 
changes in the torsional constants.10 Atlention is also 
directed to the recent results fol' C"CI hy Zucall :lnd p:iven 

elsewhere in this "'ork; the data show uniformly large 
positive departures (as much as 20)1, ) from the previously 
reported data (all by the oscillatlonal technique). ]n light 
of these recent results from the Trondheim and Bucha
rest schools9 • JJ, the estimates of accuracy for viscosity data 
for the molten halides, which rests on the oscillational 
technique, must be accepted with reservations. It thus 

appears that if this technique is to be used with a reason
able confidence factor in the temperature range of 900-
1300 K, cross-check measurements with calibration quality 
data overlapping this temperature range is important. 
Studies, such as reported for molten KNO:1, in which the 
viscosity results are established by two differing techniques 
would be II hr~t ~tep to resolving this dilemma. 

3.4. Surface Tension 

The surface tension techniques have been reviewed else
where [2], and it is sufficient to note that, next to the 
maximum bubble pressure technique, the pin method12 

f'K. Nishihnra. Y. ~11lIHHI:llra, DIII.J ~I. l\lizunoj J. Ch('!D. So~·. Jnpnn 85, 404 
(1967) • 

110. Duma!'. K. Grjolfll'ill1, n. Hilg:clnhl. nnd H. " .. , OyC'; Acta Ch['m. Scand. 

24.510 119701. 

F1Atlcntim1 i!'- (Hrel:1l'il tn \11(' ..... orK of K(;'!'tin nntl rolleaj:!u('!; ('(lncf~rning experi· 

me-ota1 irl\f'~ligatj()ns of Iho" inlrrnnl friction of thin pJaliml1n-:dloy wires at Jow 

freqtll'nrif'~. The JrSttll!' nf th£"f;C stlloi('s show that fin nIJo~' of 929'c Pt and B% W 

i~ cep('t:iaHy suitahle- a~ :1 torsion wire, ill dew 01 it~ low internal friction and 

slablc elastic (on!'t;1ll1. In 11,1' work of Kt'!:'lin ('I al. a wiH: of 0.05] em. djam. and 
5J ('m 1enl!Ih \\"rl!= tl.~t'tl. after a heat treatment 1980K) to relic\'c stresses. See 

J. K(,l,tir. anti J. ~1. hln!'zynl'ki; Brown l.:nj\"crsity Report AF891ill. July ]958; 

AFOSn iJ'\-58-752; ASTIA" Dor. f\{l. ~OI. 5]6; set' also R. S. :!\lar\·jn. J. Res. Nat. 

Bur. Stand; 75A. 5:15 A (7]). 

liS. Zura. priv:J1p ('f)mmunication t(1 G. J. ]anoz 09(3). 
l:!G. J. hnz and 1\1. R. Lorenz; Hev. Sci. lO$tr. 31, ]8 fl960). 
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(rod with flat circular enclface) and the Wilhelmy method1a 

(rod with flat rectangular endface) have been used most 
widely. Based on a theoretical analysis of the above two 
detachment methods, LillebuenH recommends the following; 
method for calculating the surface tension from the experi. 
mental quantity, ilWmnx, the detachment force. 

The Pin Method: The surface tension is given by: 

y = (ilWmnx) (2), 
21fT Vr 

(1) 

where V,. is the largest reduced volume of liquid that 
can be held above the surface hy Ihp pin before 
detachment, and T,. is the reduced pin radius. The quantit), 
(7rr,./V,.) is thus equivalent to a measure of the deviation 
from the simple intuitive relation advanced earlier else· 
where [2]. The calculation of this term is possible from 
a knowledge of r, p, and ilW mn" and the equation: 

( 
7rTr) = 0.992 + 2.::;64. X lO-r.!(rr"/V,) -

Vr 6.605Ir,.'l/Vr) + 73.25(r,.3/VrF -
454.0 (rr3 /V r ), (2) 

where the quantity: 

(~) 

can be gained from a knowledge of the pin radius (r), 

the density (1"', the ~rHvitational constant fg) and the 
measured detachment force. Without due cognizance of 
this correction term, the calculated surface tensions mav be 
as much as 107<· higher than the results gained by' the 
olher techniques (e.g. maximum bubhle pressure). 

The Wilhelmy Method: The results of the theoretical 
analysis show that the surface tension is given by: 

(4) 

where Land B are sides of the flat endface of the rectan· 
gular rod, having L> > >B. Consequently the density of 
the liquid need not be known. The only approximation in 
the above equation is that edge effects are negligible. 

3.5. Percent Application of Methods 

Experimental methods for studying transport properties 
of molten chloride melt~ were cited in seclions 3.1-3.4.. 

The summaries in table A indicate the application of 
"frequency of use" of these techniques. The percent appli. 
cation is defined as the number of investigations employing 
a particular method relatil'e to the total number of reported 
studies for that property. 

:3G. Hf'rlnz7.:, J. Phy~. Chl"'lll. 69~ ~606 1]96:;). 

l.ln. l.ill.·I,ut"ll; .. \ <"I a , Ciwlll. ::"";H1d. 2 . ., :l28/" ~ J970). 
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TABLE A. 

~pecific conductance 

Method 

Classical ae 
Paper electrophoresis 

J\Iethod 

Archimedean 
j)ilatometric 
Flotation 
Pycnometric 
Bubble pressure 

Method 

Capillary 
Oscillating body 

Method 

Maximum huhhle pressure 
Wilhelmy slidc plate 
Pin detachment 

Density 

Vi~co~ity 

Surface tension 

Percent application 

99.6 
0.4 

Percent application 

76.5 
8.5 
2.0 
8.5 
4.5 

Percent application 

38 
62 

Percent application 

63 
13 
24 

3.6. Melt Preparation and Purification 

Most chlorides are commercially available, either in 
technical or analytical pure grades, so that synthetic pro· 
ccdun:~ <1] C <lyojtletl. ElllpJ.cl!;b h; given here 10 uetails of 

salt purification. 
The following procedures have been adopted: recrystal. 

lization, sublimat ion, and vacuum distillation. The' salts 
are mostly dehydrated in a Pt·crucible under vacuum at 
elevated temperatures wilh an inert atmosphere. 

Mixtures are prepared by fusion of the required amounts 
of the pure component::. undel all iJJeJ l t!a, atlIw>s.!-'bere. The 

composition and purity are usually checked using standard 
spectrochemical and gravimetric procedures. 

Detailed procedures, including handling and transfer, 
for each salt or mixture are discussed in sections 5.1 
and 6.1, respectively. 

4. Treatment of Data 

4.1. Statistical Analysis 

The statistical analysis \ras performed on the computer 
facilities I IBM 360, PDP 15 and G.E. Mark 11 Time 
Sharing Unit) at Rensselaer Polytechnic Institute. 

The den!'i!)" ~pprif1(' conctnctnnce, viscosity, ;mc1 surface 

tension values were recalculated by a one·dimensional 
analysis, using the method of least squares to establish 
equations indicating the variations of the physical quan· 
tities with temperature at the experimental composition. 
For density and surface tension results, where five or more 
experimental compositions and temperatures or tempera· 
ture.dependent eCJllalion~ \\'f'rp "ppnrterl, the ""lues were 
recalculated by a two·dimensional analysis, using a step· 
wise multiple regression routine. In this way a physical 
property·temperature·composition matrix was developed. 



PROPERTIES OF CHLORIDES AND MIXTURES 879 

Tahulated values given in brackets indicate that they have 
ht'en statistically derived from an insufficient number of 
dala points. 

(a). One-Dimensional Analysis 

The criterion for choosing Ihe equation of best fit in the 
onc·dimensional analysis is the standard error of estimate 
computed from the residuals and defined by 

where Y(' = the experimental value at each temperature, 
Yc = the value calculated from the least squares equation 
al the same temperature as Ye, n = the number of experi
mental data points, and q = the number of coefficients in 
the least squares equation .(2 for linear, 3 for quadratic)_ 

(b). Two-Dimensional Analysis 

Compu.ter Programs Used 

Programs from the IBM Scientific Subroutine Package15 

were used wilh Ihe IBM 360/50 computer facility at Rens
selaer. The routines consist of STPRG, CORRE, LOe, and 
MSTR, Ihe latter two being storage routines which have 
no effect on the accuracy of the results. In addition the 
~lIhrol1linA STOUT is used to print the results of each 
regression step and the subroutine MATRIX is useo for 
printing a matrix of the final equation. 

Statistical Procedure 

The abbreviated Doolittle method1~ was used to select 
the variables entering the regression and for calculation of 
coefficients. The independent variable included in each step 
of the analysis was selected by computing the reduction of 
sums of squares of each variable. The variable causing the 
largest reduction was added to the equation and deleted 
from the fable of l>um~ vI ~lJUIiJe~. The coefficients, inter
cept and statistical parameters for the new equation were 
computed and printed. This procedure was repeated until 
the maximum proportion of sums of squares to the total 
reduced was less than a limit set by the programmer. The 
independent variables used in the initial selection were 
chosen from a generalized procedure, which generated 30 
combinations of the input variables using powers, recip
rocals, logarithmic and exponential quantities. It was 
found that the procedure consistently selected the equation 
(T -I-. C) 3, so that the working program used ninp. innp.
pendent variables. After the final equation has been 
produced, it is transferred to the MATRIX routine, which 
recalculates values at rounded compositions and tempera
luJt:~, "ilhin ~pecified boundary conditions. II'. the presen
tation of the matrix, due cognizance is taken of the 
experimental range of the investigation and of the phase 
relationships for the system so that values are always 

1:'SY~!l"m 360 Sdt'nt:fic Suhroutine Pack<lj:!c Pro;!:"J.nlnH'TS ManuEll; 113M 

H:?O-o205-3. ]969. 

l"C ... \. n,·n:.t-t nllt! 'N. L. FI:mklin. Slalislic<11 An.l1~·~i!;. in Chemistry and the 

Ch(,r:lil-.:d lndu.!':ry iJohn Wil!'y and 5(ln~,· 1954). 

"interpolated" rather than "extrapolated". The final step 
in the procedure involves the residual analysis, where the 
deviations Of the original values from those computed 
from the "best" equations are given. 

Statistical Parameters 

For each step in the regression analysis a summary of 
significant statistical parameters is given. First the sums of 
squares reduced (5;), the proportion of SJD, where D is 
defined below, given hy P, thp. '~lIm1l1"tivp. S, given by 
Scum and the cumulative proportion given by (Pcum ) are 
listed. These quantities give an indication of the effect of 
each variable in the final equation. The programmers limit 
on P was always in the range 0.0001 ~ P ~ 0.001. 

Standard Error of Estimate 

The standard error in the estimated y values adjusted 
for degrees of freedom is given by: 

oS.e. 

where 

D 

Vi D-Scum , 

n-q-l 

Yj = experimental values 
y = average of all experimental values 
q the number of independent variables in the equations 

As a general guide, about 68% of the results lie within the 
standard error of A;;t1mate, 95% within twice thie. value 
and approximately 99 percent within three times the 
Value17. The standard error of estimate has been reported 
as a percent ill this study. Where this information was 
reported jn the literature as standard deviations, the pre
ceding approach was not possible and we refer to the 
published error estimates of the original authors. 

F Valu.e jor Analysis of Variance 

This value is used to determine if a particular model is 
acceptable.1s Tables of F values indicate that values greater 
than 2.0 are acceptable for the routine used here. In all 
cases values of F were greater than 500 and in most cases 
greater than ] 000. The F value is defined as: 

F 
(D - S"um)/(n - q -1) 

where S"um, q, D, and n were defined earlier. 

;"";"I. D. Sit-rlin!! and 5. \'. Pollark. Introduction to St~.li~ti("nl Dnta Processing 

(rrt'nt:c~-Ha;i, ]968). 

lSH. Smi1l1 anc.:. N. H. Drapl·r. A~lJ)lit-!l RCl!re!':::ion Anllly.!:i!; (John Wiley ::;.nd 

Son,. 1966). 
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4.2 Percent Departure 

The percent departure has been used to ·compare the 
results of different investigations with either previous 
[l,2] or current recommendations and has been later 
considered when evaluating a study for possible 
recommendation. 

The percent departure is de.fined by: 

Percent departure 
"compared value" - "recommended value",' 100 

The "compared values" rcfer to 'the numerical data given 
in the discussed study and arc compared to the "rec
ommended values" given in NSRDS-NBS15 [1] or 
KSRDS-NBS-28 [2], or the present work. 

The experimental values, when available, were used as 
the "compared values", otherwise the "co.mpared values" 
and the "recommended values" were calculated £rOIn 
statistically de~ived equations at common temperatures and 
eompo~ition3. 

The percent departure is given in discussion section 
.) . .3 for single salts and 6_1 for binary mixtures. 

4.3 Value Judgments 

The recommendations advanced in this work are based 
on three criteria: (a) type and quantity of experimental 
data available, (h) experimental method used and (c) an 
error analysis of the reported results_ The principles fol
lowed in selecting the most reliable data are outlined for 
each case. 

(a) Studies reporting either numerical data, results 
derived from statistically generated equations or data in 
the form of temperature dependent equations were pre
ferred over graphical results. For the case where two sets 
of results were reported for the same system, one graphical 
and the other numerical, the sraphieaI' results could be 

preferred if these were based on a more extensive compo· 
sition and temperature range, when other criteria were 
of eq)Jal merit. 

( b) The experimental aspects as discussed in section 3 
were examined for each system when a recommendation 
has been advanced_ Of primary importance was the cogni
zance of an investigator with respect to improvements and 
limitations on standard measuring techniques together with 
an examination of the errors leading to uncertainties in 
lin: Illt::ai:;un: d Ln.tllbl'ull P1LlP":! lit::b. Allt::lIlioJl was gi veu to 

the preparation, purification, stability and analysis of 
single and mixed chloride melts as discussed in section 
:3.3. The reliability of the mp.Rsnrine; t~('hniqlH~ :mrl mp.lt 
preparation and purilication procedures as determined 
from results on standard calibration materials was con
sidered important in the ultimate value of the data reported. 

(e) The statist ical parameters and percent departures 
as discussed in section 4·.1 and rt,2, respeetively, were 
considered. For systems where investigations had similar 
(pwnlit), and (luality of data, the results with superior 
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statistical parameters were selected_ 
For some systems more than one reference may have 

been used to generate the recommendations. This was to 
extend the recommendations to the widest possible ranges 
of temperature/composition. 

4.4. Physical Properties 

Physical properties of molten chloridesmd their 
mixture,. have been analyzed and summarized ill t.abular 
form with respect to: experimental methods employcd, 
composition and temperature ranges studied, and percent 
departures 01 numerical data frorn current or pre" iOllS 

recommendations. 
For each system the property table reports the following; 

• the references critically re-examined 
• a summar)'" of experimental details such as cell material 

and calibration method 
• the calculated percent departures. 

A recommended reference is always indicated by a 

hold-faccd reference number in square brackets. The first 
section of the tahle summarizes all investigations carried 
out for lhe relev<LHl plIy:;.it.:al plupelty with cone:sponding 

composition and temperature ranges. Data were reported 
in numerical or equation form except for graphical presen. 
t"tirm~, wh .. r .. th., notHtion (g) is used_ 

In the second part, the minimum and maximum percent 
departures are listed for the different investigations at 
comparable compositions and temperatures in relation to 
previolls recommendations [l,2] or the present work. 
Remarks cOilcerning thc accuracy, the reproducibility, and 
the form of the numerical data are included. Further 
comments highlight information of unusual importance 
(technique, experimental uncertainty: etc.) with respect to 
the particular property and system studied_ In situations 
where the eomposition-temperature.phygieal propf'rty hl'lr;:A 

rests on more than one investigation, all references used 
to develop the value judgments are listed in bold faee. 

4.5. Numerical Tables 

The specific conductance, density, viscosity, and surface 
tension values were computed for each system for the 
experimental compositions at rounded temperatures using 
the correspo~diIlg "hest" equation for the same tempera
ture range for whieh the investigation was carried out. 
These values are given in the numerical tables which 
immcdiately follow the discussion tables for each property 
of each system. Also given are the temperature-dependent 
equatioll(::;), the ::;tandard error of c::stimate (or the stand 

ard deviation) and a statement giving the recommended 
reference and experimental technique. For density and
~llr'fM~e tp.Tlsion thA valup.s were also calculated using a 
two-oimensional statistical analysis where sufficient data 
(more than five compositions and temperatures) were 
given. The matrices produce<:I by the two-dimensional 
analysis arc reported in tabular form at rounded temp· 
eratures and compositions. The two-dimensional equation, 
maximum percent departure and standard error of estimate 
are also included in these tables_ Original values are given 
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in cases where investigations reported only limited data TABLE B. 
or the one· or two· dimensional analysis was unsuccessful. 
1 n some 47 cases, the experimental results were reported 
ill graphical form. In these cases, the graphs have been 
interpolated, and the results given in tabular form together 
II'jlh a statement giving the recommended reference and 
the number of significant figures to wMch interpolation 
could be carried out. Numerical tables are presented only 
for the recommended studies. 

4.6. Phase Diagrams 

Phase diagrams for each system, are included in section 
6.1 when available. It should be understood that the 
temperature.liquidus phase clbgrams included in this work 
[Ire lIot advanced as critically evaluated recommendations, 
but serve the useful purpose of reporting values for a 
eutectic composition. 

The liquidus curves were also used as guidelines for 
imposing the boundary conditions for generating the 
matrix, in order to avoid producing values in the solid 
phase. 

References for each pbase diagram are given with the 
tli:ler~m_ 

4.7 General Summary Tables 

Summary tables are given in section 5.4 (single salts) 
and section 6.2 (binary mixtures) to summarize spec:ific 
information such as total number of investigations, recom· 
mended references, experimental techniques used and 
literature references. 

5. Single Salts 

Sections 5.1 and 5.2 update the recommendations for 
single salt melts given in NSRDS-NBS-15 [1] and 
NSRDS-NBS-28 [2]. The discussions for each single salt 
recommendation and the numerical values together with 
the temperature dependent equations are given in section 
5.3. Additional studies for chloride salts not included in 
NSRDS-NBS-15 [1] and NSRDS-NBS-28 [2] are 
summarized in section 5.4. 

5.1. New Recommendations 

Single chloride salts which do not appear in NSRDS
NBS-15 [1] and NSRDS-NBS-28 [2] are listed in 
table B. The discussions, numerical values and tempera
ture dependent equations for the new recommendations 
are given in section 5.3. 

Number of investigations 
-- -

Compound Electrical Density Viscosity Suriace 
conductance tension 

DyCI. 2 2 1 
GdCl. 2 2 

I LaC], 1 
NbCl. 2 
NdCl. 1 
Nin. I 1 
PrC!. 

\ 
I 1 

Sbe!. 2 1 2 
Sme]' 
SnCl. 
TaCh 1 
TiCI, 3 2 
TIC] 
VCl. 3 2 
VCI. 4 3 
ZrC]. 1 I 

5.2. Revised Recommendations 

The recommendations for single chloride melts given 
in N5RDS-~BS-15 [1] and NSRDS-NBS-28 [2] have 
heen updated relative to neW investigatirm" "no Ihp. revised 
recommendations are listed in table C. The discussions, 
numerical values, and temperature.dependent equations for 
the revised recommendations are given in section 5.3. 

Compound 

BaC]' 
CaCl. 
CsCI 
HgCb 
KC! 
LaC]. 
MgCb 
SrCI. 
ThC]. 
Vel. 
ZnCh 

TABLE C. 

Property 

viscosity 
viscosity, surface tension 
viscosity 
viscosity 
surface hm:5iull 
electrical conductance 
viscosity 
viscosity 
density 
electrical conductance 
electrical conductance, densit)' 

5.3. Discussions and Numerical Values 

Single chloride salts for which a new or revised recom
mendation is reported are discussed in this section with 
respect to experimental techniques, references, temperature 
ranges, percent departure values and melt preparation 
and purification. Numerical values· are given for each 
property at rounded temperatures together with .the 
temperature.dependent equations. 

AICb 

Melt Preparation and Purification 

Aluminum, having a purity of 99.5%, was reacted with 
dry HCl gas and sublimed without residue into the con· 
ductivity cell in a CO2 atmosphere [347]. 
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"jl;lkn Analyzed" aluminum chloride was purified by 
repetitive sublimation in a stream of argon. Approximately 
500 grams of AICh was loaded into one end of a 55-mm 
(o.d_) Pyrex tube approximately 60 em long. Over a 
period of about S h, the tube was passed through a furnace 
maintained at about 200 °C. The fmal sublimate, which 
was collected in a water-cooled receiving tube, was trans
ferred into a glove box having a nitrogen atmosphere. 
The white AICh powder was quicklY transferred into 
the density tubes, which were then stoppered and 
removed from the box for weighing and sealing under 
vacuum [348]. 

TAIl'LE 2. Electrical conductance studie~: AIeL 

critically examined 

Kef. Temp. '"nge Cell material Calibration (1') 

347 473-518 Glass with 
platinizeo Ji,c 
£'lectrodl..~!j;. 

16 437-473 1\10 glass NaNO, (molten) ; 
KCI (aqueous) 

51 437-473 Aluminum chloride was synthesized by passing HCl gas 
over aluminum turnings, having a purity of \)\).99j'r, in 
a Jena glass apparatus at 500°C. During the reaction, 
the product sublimed into a cooled flask. After reaction it 
was again sublimed under a stream of nitrogen into 
another vessel which was sealed off under vacuum. The 
AIel:; was then transferred by sublimation into the cells 
for Yi~co"ity me""urcmenl~ [349]. 

Deviations from NSRDS rccon1JlIf'ndation 

Ref. lI-1in. departure Max_ departure 

]6 0.0% 1473.2 K) 

T.4BLE 3. 

K:::: 7.0270' 10-1) - 3.6646' lO-sT + 4.8623' lO- 11 T" 
"Iandard error of e'timate' 170r;., ~ I 

T K (X 10') T K (X 10') 

475 5.906 500 8.596 
480 ti.3Yb ;"i05 9.207 

485 6.909 510 9.842 
490 7.447 515 10.500 
495 8.009 

These "alues are ba~cd on the work of Biltz and Voigt (classical ae Il'chni([ut') [347J. 

TABLE 4. sludi('s: :\lCI" 

Investigations critically fe·"xamined 

Rd. Temp. range 
\ Cell material Calibration IT! 

I 

348 462-569 Pyrex 

I 
HoO 

90 475-494 . Quartz H,O 

347 463-503 Glass 

157 163-553 Mogh .. HI! 

Deviations from previous NSRDS recommendation: [1, p. 11J 

Ref. Min. oeparture i Max. u epart ure 

34.8 0.0'70 (50410 5.05\70 (474 K) 

90 -1.66% (490K) -3.41% (480K) 

347 

I 
2.58% (S03K) 5.797c (483K) 

157 -1.27'70 (53()K) 3.42'7~ (476K) 

J, Phys. Chern. kef. OVID, Vol. 4, No.4, 1975 
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TABLE 5. AIC],: Density (g cm- 3 ) 

p = 2.18725 - 5.4045' 1O-4T - 1.13544 • 1O-sT2 
+ 3.04126 '1O-8T3 

Standard error of estimate: (0.15%) 

T p T p 

465 1.287 515 1.169 

470 1.277 520 1.155 

475 1.266 525 1.142 

480 1.256 530 1.127 

485 1.243 535 l.Il3 

49U 1.231 540 1.098 

495 ·1.219 545 1.082 

500 1.207 550 1.066 

505 1.195 555 1.050 

510 l.J1l~ 500 U.UiSiS 

These values, based on the work of King and Seegmiller (dilatometric technique [348], supersede the previous NSRDS recommendations [1]. 

TABLE 6. Viscosity studies: AICI, 

Investigations ·critically re·examined 

Ref. Temp. range Cell material Calibration (T) 

349 465-493 Jena glass CH,J, C.H,I, CCI. 

291 462-549 

Deviations from previous NSRDS rf'"ommf'nn.tinn~' [1> 1'. 11] 

Ref. 

349 

Min. departure Max. departure 

-1.48% (468.5 K) -8.63% (493 K) 

TABLE 7. AICl,: 

'7 = 1.71471 • exp (4943.81 RT) 
Standard error of estimate: 

based on the work of Kleinschmidt (hollow sphere 
Inr.ion technique) [349J, cupercedc the prcviouo NSRDS ,"ceolll

mendations [I]. 

BaCh 

Melt. Preparation and Purification 

Barium chloride was purified by double recrystalli
zation from distilled water, drying at 150°C for 24 hours, 
and melting to remove hydrolysis products according to 
the following scheme: the chloride was slowly heated to its 

melting point either under dry argon or under vacuum. 
Carbon tetrachloride vapor was bubbled through the 
molten salt during the heating period, and for an addi
tional fifteen minutes. The purified salt was stored in 
pellet form under liquid carbon tetrachloride and checked 
for alkalinity with phenolphthalein. Subsequent handling 
of the salt was performed in a dry box [282]. 

TABLE 8. 'Viscosity studies: BaCI, 

Investigations critically re-examined 

Ref. Te1l1p. lange Cell material Calibration (T) 

282 1245-1340 Pt sphere and rod NaNO" KCI melts 

174 1240-]290 

151 1249-1358 

24 
I 

1273 

Deviations from previous NSRDS recommendations: [1, p_ bl} 

Ref. Min. departure Max. departure 

282 -9.15% (I310 K) -18.05% (1270 K) 

174 -21.87% (1290 K) -25.81 % (1270 K) 

151 -9.098% 0309 K) -18.79'10 (1275 K) 

24 13.330/0 (l273 K) 

TABLE 9. BaC!.: Viscosity (cp) 

'7 = 94.4198 - 1.2920 T + 9.5505 • 1O-5T2 
StanJan1 ,,"VJ vI ,,'liJJlal~' 147'70 - '. 

T '7 T '7 

1250 4.02 1300 3.36 
1260 3.87 1310 3.25 
1270 3.73 1320 3.16 
1280 3.59 1330 3.07 
1290 3.47 1340 3.00 

These values, based on the work of Zuca and Costin (oscillating sphere method) [282], supersede the previous NSRDS recommendations [1]. 
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eaCh TAIlLE 10. Viscosity studies: CaCh 

Melt Preparation and Purification 
Inve'ligations critically re·examined -

Ref. 
Temp. range 

(T) Cell material Calibration 

282 ]060-1220 

24 1075-1270 

34 ]075-1150 Pt >phere and rod NaNO, melt 

144' 1075-1270 

Calcium chloride was purified by double recrystallization 
from distilled water, drying at 150 °C for 2·1. hours, and 
melt ing to remove hydrolysis products according to the 
following scheme: the chloride "'as slowly heated to its 
melting point either under dry argon or under vacuum. 
Carbon tetrachloride vapor was bubbled through the 
molten salt during the heating period and for an aoditional 
fifteen minutes. The purified salt was stored in pellet 
form under liquid carbon tetrachloride and checked for 
alkalinity with phenolphthalein. Subsequent handling of 
the salt was performed in a dry box [282]. 

Deviations from previous NSRDS recommendations: [1, p. 50J' 

T I 
1060 

i 1070 
1080 I 

1090 
1100 
1110 
1120 
]]30 

1140 

TABLE 11. CaCl.: 

Rei. 

282 

24 

34 

Min. departure 

0.86'70 (1057 K) 

61.9% (1073 K) 

39.86% (1073 K) 

:IDo.t~ t~\kcn from reference 24. 

"I == .17?Ofi !; 3247 • 10- 2 T + 20141 • 10-5 7'2 

Standard error of estimate: 1.07'70 

7] T 

3.40 I 1150 
3.29 1160 
3.19 1170 
3.10 1180 
3.01 1190 
2.92 ]200 
2.84 1210 
2.76 1220 
2.68 

Max. departure 

38.36'70 (1221 K) 

125.3910 (]273 K) 

71.2% (]l48 K) 

7] 

2.61 
2.54 
2.48 
2.42 
2.37 
2.31 
2.27 
2.22 

Th~se 'aJues, based on :he work 01 Luca and CoHin (oscilJating sphere tedmique) [282j, supersede the previous NSRDS recommendations 
1.1). 

1090 
1100 
1110 
1120 
1130 
1140 

Investigations critically re·examined 

Ref. 

253 

250 

236' 

Temp. range 

]095- 1190 

1080-1270 

]085-1190 

Cell material 

PI rod 

De\·jations from previous NSRDS recommendations: [2, p. 60] 

Ref. Min. departure. 

253 1.]3'70 (1085.46 K) 

250 1.3370 (1073.15 K) 

'Data taken from reference 253. 

Max. departure 

3.32% (11 92.66 K) 

6.79% (1273.16 K) 

TAELE 13. CaC],: Surface ten~ion (dyn cm -') 

146.17 1150 
145.72 ]]60 
145.26 11iO 
144.81 1180 
144.36 1190 
143.90 

143.45 
]42.99 
142.54 
142.09 
141.63 

Th,'"'' \'ahlt's, buSt·d on the work of Lillcbuen (rod detachment method) 1253J, supersede the previous NSRDS recommendations [2]. 
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esel 

Melt Preparation and Purification 

Zuca [314J used both Merck suprapure and reagent 
~rade CsCI to investigate the effects of salt purity on the 
viscosity values. The individual sets of data were within 
±.37<: agreement with those obtained using CsCI prepared 
from cesium perchlorate so that the question of impurities 
was ruled out. During the course of these investigations 
it was found that the addition of ] % CaCb to pure CsCI 
increased the viscosity by about 6%. 

Ref. 

3]4 

280 

82,174 

TABLE 14. Viscosity studies: esC! 

Investigations critically re·examined 

Temp. range I 
(T) 

950-10B6 

950 

930-1030 

Cell material 

Pt sphere 

Deviations from previous NSRDS recommendations: [1, p. 6) 

Ref. Min. departure Max. departure 

280 3,9% (950K) 

B2,174 0% (960K) -3.0% (I030K) 

314' ]9.8% (968K) 24.5% (1066 K) 

314' 19.55% (%OK) 20.23\10 (l080 K) 

314' 19.04% (950K) 2].62% nOBOK) 

IIThree separa.te jnveo;;tigations;. were nlacte by Zuca_ For further 

discussions concerning the relatively large percent rlepartures com
monly obtained for viscosity data, reference should he made to 
section 3,3. 

TABLE 15. Deviations from the updated NSRDS recommendations 
(see Table 16) :C50 

Ref. Min. departure Max. departure 

B2, 174 -14.6% (930K) -20.5B% (l030 K) 
280 -13.050/0 (949K) 
3]5 -6.47'70 (963K) -32.2'70 (]064K) 
3]6 - ]5.1] '70 (927K) -]B.39% (I092K) 

314" 0.07'70 (lOBI K) 2.42% (]065 K) 
314b 0.10% (952 K) -2.63'70 (1074K) 
314' 0.070/0 (lOBI K) 1.6B% (%8K) 

"b"Represent the three separate investigations of Zuca. 

T AB'LE 16. esCl: Viscosity (cp) 

T 

950 
955 
960 

965 
970 
975 
QflO 

985 
990 
995 

1000 
1005 
]0]0 
1015 

7J = 6.30528 + 0.25804' 1O- 3T - 0.12063 • 1O- 4T2 
Standard error of estimate: 0.98% 

'1 T 

1.468 1020 
1.446 1025 
1.12& 1030 

1.405 1035 
1.384 1040 
1.364 1045 
1.3<3.0- 1050 
1.325 ]055 
1.307 ]060 
1.288 1065 
1.270 1070 
1.253 ]075 
1.235 1080 
1.2]9 10B5 

7J 

1.202 
1.186 
1.171 

1.156 
1.141 
1.127 
1.114 

! 
1.101 
1.088 
1.076 
1.064 
].053 
1.042 
1.03] 

Theee va]uec, baeed on an overused Nluotlon sencroted from three lnveche;ahonfC of 2u('o [3}4] (oc~J]]atins cophcrc technique), c;upcrccdc 

the previous NSRDS recommendations fl]. The uncertainty of the new values is estimated to he ±3%. 
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DyCb 

Melt Preparation and Purification 

lrisawa, Mochinaga, and Kuroda prepared DyCb by 
heating the rare·earth oxide (99.9% purity, American 
Potash and Chern. Co.) with ammonium chloride at about 
350°C under vacuum [285]. 

TABU 17. Electrical conductance, density, and viscosity studies: 
DyC]. 

Investigations critically re·examined 

Prnp"rty Ref. Tcm~i-)ange I Comments 

265 950-1010! 
312 1060-1270 I 
190 1073,1173 graphical 

K 

285 965-1270 I silica dilatometer; calibrated 
I with molten NaG, KCI 

311 1205-1272 I Ostwald viscometer; quartz 

Deviations from NSRDS recommendations 

Property Ref. Min. deviation Max. deviation 

K 312 -0.05% (l238K) -3.06% (l058K) 
(from averaged 265 -0.97% (952K) 2.18% (977K) 

equation) 

TABLE lB. Dye],: 5pecific conductance (ohm-' cm-'), density (g 
cm- a), and viscosity (cp) 

K = 1.7723 - 7.1242· 1O- 3T + 8.7014' 1O-6P - 2.8983' 10- 9 Ta 
Standard error of estimate: 1.12<;'0 

p = 4.2668 - 0.6821 • 1O-sT 

Standard error of estimate: 1.37% 
'rJ == 46.764 + 2.253' 1O-3T - 8.651 • 1O-5T2 + 4.515' lO-sTa 

T I< P » 
960 0.388 
980 0.419 3.5975 

1000 0.451 3.5839 
1020 0.483 3.5702 
1040 0.514 3.5566 
1060 0.545 3.5429 
1080 0.576 3.5293 
noo 0.607 .Q.!;1S6 

I 
1120 0.636 3.5020 
1140 0.665 3.4884 
1160 0.693 3.4747 I 

llaO 0.719 3.4611 I 
1200 0.745 3.4474 I ]220 0.769 3.4338 2.736 
]240 0.791 3.4201 

I 
2.624 

1260 0.812 I 3.4065 
i 2.576 

The updated values for specific conductance and the new. recom. 
mendations for density and viscosity are given in table 18. The data 
bases for these are, specific conductance: an averaged equation 
generated from the work of Cho and Kuroda [312J, and Dworkin, 
Bronstein and Bredig [265J (classical ac technique); density: lri· 
sawa, Mochinaga and Kuroda (dilatometric technique) [285J; ViE' 
cosity: Cho and Kuroda (Ostwald viscometer) [3111. 
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GdCh 

Melt Preparation and Purification 

lrisawa, Mochinaga, and Kuroda prepared GdCls by 
heating the rare·earth oxide (99.9% purity, American 
Potash and Chern. Co.) with ammonium chloride at about 
350°C under vacuum [285]. 

TABLE 19. Electrical conductance, density, and viscosity studies: 
GdCl, 

Investigations critically re·examined 

Property Ref. Temp. range Comments (Tl 
265 900-980 
312 1020-1264 
190 1073 graphical 

285 935-1280 I silica dilatometer; calibrated' 
! with molten NaCl, KCI 

311 1070-1240 I Ostwald viscometer; quartz 

Deviations from NStlDS recommendations 

Property Ref. Mill. deviation Max. deviation 

(from averaged 
equation) 

312 I 0.00% (1213 K) 
265 -1.42% (922 K) 

I 

Tu"" ?O 

-3.07o/p (l081 K) 
4.56% (971 K) 

GdC!.: Specific conductance (ohm- 1 cm-l), density 
(g em-a), and viscosity (cp) 

K = 5.5955 - ].6528 • 1O- 2T + 1.6171· 10- 5r- 2 - 4.7074· 10-&r3 

Standard error of estimate: 1.21% 
p = 4.1491 - 0.67139 • 10- 'T 

T K P I 
7J& 

920 0.411 

I 
940 0.438 3.5180 
960 0.467 3.5046 
980 0.498 3.4912 

1000 0.531 3.4777 
1020 0.565 3.4643 
1040 0.602 3.4509 
1060 0.639 3.4374 
lOaO 0.677 3.4240 2.4 
1100 0.716 3.4106 2.2 
1120 0.755 3.3972 2.1 
114O 0.795 3.3837 1.9 
1160 0.835 3.3703 1.8 
1180 0.874 3.3569 1.8 
1200 0.913 3.3435 1.7 
1220 0.952 3.3300 1.7 
1240 0.990 3.3166 1.6 
1200 

I 
,s.;:l032 

1280 3.2897 

'Values were interpolated to two significant figures from the 
graphical presentation. 

The updated values for specific conductance and the new recom· 
mendations for density and viscosity are given in table 20. The data 
bases for these are, specific conductance: an averaged equation 
generated from the work of Cho and Kuroda [312J and Dworkin, 
Bronstein and Bredig [265J (classical ac technique); density: lri· 
sawa, Mochinaga and Kuroda (dilatometric technique) [285]; 
viscosity: Cho and Kuroda (Ostwald viscometer) [3111. 



T 

5;;0 
552 
554 
556 
558 

PROPERTIES OF CHLORIDES AND MIXTURES 

HgCi2 

Melt Preparation and Purification 

Janz et al., resublimed HgC12 (Fisher, Certified 
reagent grade) three times through medium porosity 
filter discs [107]. 

TAIILE 21. Viscosity studies: HgCl. 

Investigations critically re·examined 

Ref. Temp. range Cell material Calibration (T) 

107 550-568 Quartz viscometer N·hexane (Cannon 
Viscoslty Standard No. 

N-4-66-1), 

N·decane (Cannon 
Viscosity Standard No. 
N-1.0-66-I) 

Deviations from NSRDS recommendations; [1, p. 58] 

Ref. Min. departure 1\1 ax. departure 

107 -8.93% (550 K) -18.1870 (568.5 K} 

'1 = 22.97074 4.100932' 10 "T - 3.75155 • 10 'r" + 7.5274 • 10 

Standard error of estimate' 061 % 

'1 T 

1.59 560 

1.56 562 
1.53 564 
1.51 566 
I.4S 568 

887 

'1 

1.45 

1.43 
1.41 
1.38 
1.36 

These values, based on the work of Timidei, Lederman and Janz (modified Ostwald viscometer) [107], supersede the previous NSRDS ree· 
ommendations [1]. 

T 

800 
820 
840 
860 
880 
900 
920 

T ,o,lJLE 23. Electrical conductance bludle.; I11b'CI. 

Ref. 

121 

Investigations critically re·examined 

Temp. range 
(T) 

80-1060 

Deviations from previous NSRD·S recommendation: [1, p. 111 
Ref. Min. departure Max. departure 

121 -5.820/0 (822.2 K) -7.290/0 (808.2K) 

TABLE 24. 

K:::: -0.980099 + 1.74861 • 1O- 3T + 7.75868 • 
Standard error of estimate: 0.590/0 

K 

0.915 
0.975 
1.036 
1.097 
1.159 
1.222 
1.285 

T 

940 
960 
980 

1000 
1020 
1040 
]060 

K 

1.349 
1.414 
1.479 
1.544 
1.611 
1.678 
1.745 

These values, based on the work of Grantham (ac technique) [121], supersede the previous NSRDS recommendations fl]. 
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KCI TABLE 26. Deviations from the updated NSRDS recommendations 
(see table 27) : Kel 

TABLE 25. !::iurlace tension studies: KCI Ref. 

Investigations critically re·(~xamll)ed 255 

Ref. Temp. range Cell material Calibration 
(T) 

257 

255 1043-1273 258 

257 1073-1173 Pt Molten LiCl, NaCl 237 

2515 1073-1273 24 

24 1073 250 

245 800-950 (g) 178 

246 800-850 (g) 224 

244 850 (g) 259 

254 BOO-900 (g) 241 

232 B30-920 90%Pt.10% Rh alloy 227 

porcelain crucible 232 

241 730-930 90'7oPt~10'7o Rh alloy 
graphite crucible 

237 828-918 90'7~PI.IO% Rh alloy 
alumina crucible 

252 800-900 (g) Pt 

178 1073-1193 

Deviations from previous NSRDS recommendations: [2, p. 58] 

Ref. 

255 

257 

258 

24 

T 

lOBO 
1090 
1100 
lIlO 
1120 
1I30 
1140 
1150 
1160 
1170 
1180 

Min. departure 

-1.54% (1243 K) 

-2.67% I1lln K) 

-0.48% (1273 K) 

-2.73% (1073 K) 

Mal{. departure 

-2.07% (l053 K) 

-3.04'1'n 1]072 K) 

-1.82% (1073 K) 

TABLE 27. KG: Surface tension 

'Y 

97.01 
96.25 
95.49 
94.73 
93.97 
93.21 
92.45 
91.69 
90.93 
.90.17 
89.41 

'Y::::: 179.1168 - 0.76026 X lO-'T 
Standard error of estimate: 0.26% 

Min. departure Max. departure 

-0.20% (1273K) -0.70% (1073 K) 

0.15% (lI73K) 0.96% (1073 K) 

0.02% (ll70K) 0.75% (1270 K) 

1.17% (1070K) 1.26% (1170 K) 

-1.::.070 (1073 K) 

17.570/0 (1073 K) 

-0.01 % (1143 K) -1.010/0 (1263 K) 

-0.190/0 (1273 K) -0.730/0 (1073 K) 

-0.13% (1109 K) -0.44% 0113 K) 

3.63% (l073 K) 4.78% (1273K) 

1.16% (1173 K) 3.30% (1223 K) 

-0.70% (1192 K) -1.64% (1142 K) 

T 'Y 

1190 88.65 
1200 117Jl9 
1210 87.13 
1220 86.37 
]230 85.61 
1240 84.84 
]250 84.08 
1260 83.32 
1270 82.56 
1280 81.80 

These values are based on an averaged equation generated from the investigations of Ellis and Freeman [255] Mizuno and Matsumura 
[257]. Grjotheim, Holm, Lillebuen and0ye [258], Lehman 1237], Smirnov and Stepanov [178]; Bloom, Davis and James [224], Jaeger [259J 
and Peake and Bothwell [232]. These values supersede the previous NSRDS recommendations [2J. All of these investigators used the mal{imum 
bubble pressure method except Grjotheim et al. who used the pin detachment method. 
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LaCh TABl,E 29. Deviations from the updated NSRDS recommendations: 

Melt Preparation and Purification 

Lanthanum trichloride was prepared [154,279J as dis
\:\Issed under the LaCI2-LaCb system. In [262J the LaCIs 
WUl'l crystallized from solutions of the oxides in hydro
chloric acid, dehydrated by purging with dry Hel gas 
lind slowly heated to 400 °C under reduced pressure. The 
!>nlt was then sublimed under vacuum. The final product 
(;ontained less than 0.5% of other rare-earth ions. Cho 
nnd Kuroda [220J used the method discussed under the 
KCI-UClg system. 

TABLE 28. Electrical conductance studies: LaCl, 

Investigations critically re·examined 

Hef. Temp. range Cell Material : Calibration (T) ! 
279 117:'.-1273 

154 1143-1223 Alundum crucible and LiCl, KCl 
Mo wire electrodes 

220 1165-1300 

IB6 11B5-1195 (g) 

Deviations from previous NSRDS recommendations:' [1, p. 8J 

Ref. Mm. departure Max. departure 

279 -8.98% (1l70K) -]0.83'70 (}230K) 

154 -15.87'70 (1140 K) -16.92'70 (1190 K) 

220 -20.77'70 (}273 K) -23.44'70 (1173 K) 

262 -14.42'70 (J223K) -14.79% (ll98K) 

'The positive deviations (-8.0% to 25.0'}'0) of the previously 
recommended data base of van Artsdalen and Yaffe [1] may be 
attributed to parasitic conductance effects. (See section 3.) 

LaC], (see table 30) 

Ref. Min. departure 

279 6.39% (]284K) 

154 -0.17% (1223K) 

220 -5.937u (1273 K) 

262 1.87'70 (1198 K) 

TABLE 30. LaC!': Specific conductance (ohm- 1 em-l) 

" -8.1470 + 0.1353 • lO-lT 0.4638 • 10-'T2 
!:Standard error of estimate: 0.30'70 

T K T 
I 

1170 1.335 J230 

I 

llllQ l.S62 124() 

1190 1.387 1250 
1200 1.4)] 1260 
1210 1.435 1270 
1220 1.458 

Max. departure 

8.42% (1173K) 

-0.72'70 (1173 K) 

-0.61% (1173K) 

2.24% (]223 K) 

K 

1.479 
1.500 

1.520 
1.539 
1.557 

These values are based on an averaged equation generated from the investigations of Smirnol' et al. [279J, Smirnov and. Khokhlov [154J, Cho 
and Kuroda [220J, and Dworkin, Bronstein and Bredig [262]; they supersede the pre,'ious NSRDS recommendations fl]. 

TABLE 31. Surface tension studies: LaCl, 

Ref. 
Temp. range 

(T) 

177,248 1073-1273 
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T 

1080 
1090 
llOO 
lllO 
1120 
1130 
1140 
1150 
1160 
1170 
11M 

I 

JANZ ET Al. 

TABLE 32. LaO,: Surface tension (dyn cm- I ) 

'Y 

140.57 
140.03 
139.49 
138.95 
138.41 
137.87 
137.33 
136.79 
136.24 
135.70 
l~c;lli 

'Y == 199.0 - 0.0541 T 

T 

1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 

These values are based on the work of Smirnov and Stcpanov (maximum bubble pressure) [177,2481. 

T 

lOOO 
1010 
1020 

1030 
1040 
1050 
1060 
1070 

MgCh 

Melt Preparation and Purification 

Mg\.l~ Wal'. prl'pareo hy treatment with Hel [2771. 
Polarographic analysis did not yield any detectable amount 
of water. 

Ref. 

151 

277 

TABLE 33. Viscosity studies: MgO, 

Investigations critically re·examined 

Temp. range Cell material I Calibration (T) 

1000-1150 Pt sphere 

\ 

NaNO" KCl melts 

1045-1120 Pt·lO% IT H,O and KNO, 
.phere and 

! 

rod 

Deviations from pre\'lous NSRDS recommendations: fl, p. 6J 

Ref. 

151 

277 

Min. departure 

-55.5% (1003 K) 

-56.46% (I]18K) 

Max. departure 

-57.2'70 0105 K) 

-58.07% (lOI4K) 

TABLE 34. Deviation& from tbe updated NSRDS recommcndations: 
MgCI. (see table 35) 

Ref. 

151 

277 

Min. departure 

0.58% (]J43 K) 

0.140/0 (1Il8 K) 

Max. depart ure 

3.57% (]003K) 

-2.61% (l014K) 

TABLE 35. MgO,: Viscosity (cp) 

7) = 14.903 - 0.2039· lO-IT + 0.7625· 10-oT" 
Standard error of ·estimate: 2.29% 

7) T 

2.14 lOBO 
2.09 1090 
2.04 1100 

1.99 1110 
1.95 1120 
1.90 1130 
1.86 114O 
1.82 

'Y 

134.62 
134.08 
133.54 
133.00 
132.46 
131.92 
131.38 
130.83 
130.29 
129.75 

"l 

1.78 
1.74 
1.70 

1.67 
1.63 
1.60 
1.57 

These values are based on an averaged equation generated from the investigations of Bondarenko and Strehlets (oscillating sphere) f151] 
and Dumas, Grjotheim and 0ye (oscillating sphere) f277]. These values supersede the previous NSR DS recommendations [1]. The uncertainty 
of the new recommendations is estimated to be about 2.0 percent. 
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NbCls 

Melt Preparation and Purification T""LE 36. DCII"ily "tuJi.,., NbCl, 

Investigations critically re.examined 

Ref. 
Temp. range Cell materials' Cali.bration (T) 

292 485-800 quartz float water 

217 601-806 

Deviations from NSRDS recommendauons: 

Ref. Min. departure Max. departure 

292 0.00/0 (619K) -27.3% (803 K) 

The NbCl" used by Johnson and Cubicciotti [292] 
WIlS commercially obtained and then sublimed in a stream 
"f the gas saturated with SOC!:? to convert the oxychloride 
III chloride. The product was analyzed and yielded 34.31 % 
Nil, compared to 34.39% calculated for NbCl5 and was 
~Iored in sealed Pyrex ampoules fitted with break seals. 
NbCI,. was sublimed into a quartz manifold by using an 
nncuated manifold assembly and crushing the break seal 
of the ampoule. The pure NbC)" was distilled into quartz 
lultes under its own vapor pressure, sealed off and stored. 

NhCb was purified by distillation and the purest frac
lion was used in ref. [217]. 

'The dcnciticc of the lIoatc used in [292] were determined from 

their weights in air and in water. 

T 

490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
64{) 

I 

TABLE 37. NbCl.: 

p = 4.3718 - 6.5712 • IO-ST + 3.6767 • 1O- 6T2 
Standard enor of estimate: 0.09% (48&-600 K) 

p = -3.9066 + 1.9019 • lO-OT - 1.0146 • IO- 6 T" 
Standard enor o{ estimate: 1.75% (600--800 K) 

2.035 
2.005 
1.977 
1.949 
1.922 
1.895 
1.870 
1.845 
1.821 
1.797 
1.775 
1.753 
1.687 
1.679 
1.667 
1.652 

I 

T 

650 
660 
670 
680 
690 
70() 

710 
720 
73() 
740 
750 
760 
770 
780 
790 
800 

1.634 
1.613 
1.588 
1.560 
1.529 
l.495 
1.458 
1.417 
1.373 
1.326 
1.276 
1.222 
1.165 
1.l05 
1.042 
0.975 

These values are based on the work of Johnson and Cubicciotli (flotation method) [2921. 

NdCb 

Melt Preparation and Purification 

The NclCIs used in [285] was prepared as discussed 
under PrCls. 

TABLE 38. Density and viscosity studies: NdCI, 

lnvestigations critically re.examined 

P ! R Temp. range 
roperty : ef. ( Tl Comments 

p I. 285 1082-1272 silica cell; calibrated with molten 
NaO, KCI 

i 311 1160--124{) 
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TABLE 39. NdC),: 

p = 4.2642 - 9.3014 • 
Standard error of estimate: 0.28% 

'1/ = 41.2037 - 2.2755· 10- 2 T - 4.0865· 10-5T2 + 2.7019 • 1O-8T3 

T P '1/ 

1090 3.250 
noo 3.241 
IllO 3.232 
1120 3.222 
1130 !l.?1!l 
1140 3.204 
1150 3.195 
1160 3.185 1.994 
1170 3.176 lQU 

1180 3.167 1.845 
1190 3.157 1.738 
1200 3.148 1.741 
1210 3.139 1.706 
1220 3.129 1.681 
1230 3,120 1.669 
1240 3.111 1.659 
1250 3.102 
1260 3.092 
1270 3.083 

The values for density and viscosity are given in table 39. The 
nat~ ha.~. for the,,,. are, density: Moohinaga, Cho and Kuroda 

(dilatometric technique) [285]; viscosity: Cho and Kuroda (Ost
wald viscometer) [311J. 

TABLE 41. NiCl.: 

Nieh 

Melt Preparation and Purification 

Galka et al. [269] used analytical grade NiCI2 • 6H20 
as starting material. The chloride was dehydrated by heat
ing at about 970 K in a stream of gaseous HCI for 4 to 5 h 
and then transferred into the absorption cell. The cell 
content was degassed and dehydrated for 24 h at 373 K 
under high vacuum. After degassing, the cells were filled 
with pure helium so that its pressure at the measurement 
temperature was about 1.5 atm. 

TABLE 40. Density studies: NiCI, 

Investigations critically re-examined 

liThe db~OIptivu vi 'Y~ld,ui(Jtiuu Ly JlJOltcu NiCb WCLt) mcu.~ull::;d in 

cells made out of quartz lubes with parallel quartz windows. The 
absorption cell containing NiO. was placed in a special furnace 
which provided a continuous mixing of the melt by rocking. A 
ccintillation counter ....... ith an electronic detecting system woa cm~ 

ployed to measure the ,),·radiation of the isotope 241Am used as a 
radiation source. 

p = 3.4994 - 6.6044' 1O-4T 
Standard error of estimate: 0.44% 

T p II T p 

1290 2.648 II 1315 2.631 
1295 2.644 132() 2.628 
1300 2.641 i 132!l 2.(i34. 

1305 2.638 , 1330 2.621 
1310 2.634 

, 

These values are based on the work of Galka et al. (')'-ray absorption method) [269]. 

Preis 

Melt Preparation and Purification 

The PrCb used by Cho et al. [285] was prepared by 
heating a mixture of oxide and ammonium chloride at 
about 350°C in a vacuum. The rare-earth oxide used as 
starting material was 99.9% pure. 

TABLE 

Property Ref. 

'1/ 285 

p 311 

1102-1257 

1130-1240 

silica cell; calibrated with 
molten NaC!, KCl 

J. Phys. Chem. Ref. Oa'a, Vol. 4, No.4, 1975 

TABLE 43. PrC!,: Density (g em -3) and viscosity (cp) 

p = 4.0120 - 7.4165 • 1O-4T 
Standard error of estimate: 0.15% 

11 = 16.0130 - 2.2994 • 10- 3T -.2.03843 • 1O-5T2 

T p 11 

ll20 3.181 
1130 3.174 2.54 
1140 3.167 2.46 
115() 3.159 2.38 
1160 3.1::;2 2.31 
1170 3.144 2.24 
1180 3.137 2.17 
1190 3.129 2.11 
1200 3.122 2.05 
1210 3.115 1.99 
1220 3.107 1.94 
1230 3.100 1.89 
1240 3.092 1.84 
1250 3.085 

i 
1.80 

The values for density and viscosity are given in table 43. The 
data bases for these are, density: Mochinaga, Cho and Kuroda 
(dilatometric technique) [285]; viscosity: Cho and Kuroda (Ost. 
wald viscometer) [311]. 
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SbCb 

Melt Preparation and Purification 

The 5bCI3 used in [46] was prepared as discussed 
under the system 5bCI3·SbCI5• 

" A 1II.E <\4, E1ectrlca1 conductance, density and viscosity studies: 
SbCl. 

Investigations critically re-examined 

Property Ref. Temp. range Comments (T) 

K 46 333, 343, 353 . graphical 
304 373-423 

p 46 323-353 

'1 46 32iHS!:>3 
40 373 

T""LI< 45. SbCl.: Specific conductance (ohm-~ cm-'). density 
(g em-a), and viscosity (cp) 

T 

323 
325 
550 
333 
335 
340 
343 

345 
35\) 
353 

p = 3.4755 - 2.2931 • 1O-3T 
Standard error of estimate: 0.030/0 

K' P 

2.730 
2.719 

0.000149 
2.707 
2.696 

0.000174 

2.684 
2.673 

0.000227 

'1/' 

3.90 

3.18 

2.63 

2.16 

'Due to limited data the experimental values are given. 
The values for specific conductance, density and viscosity are 

given in table 45. The data bases for these are, specific conductance: 
Usanovich (classical ac technique) [46]; density: Usanovich (pye
nometric method) [46J; viscosity: Usanovich (capiIlary technique) 
[461. 

SbCh 

Melt Preparation and Purification 

The SbClo was prepared ~y pReeing dry C12 gal!; over 

powdered antimony. The salt was dried under vacuum and 
sealed in glass ampoules. [46] 

TABLE 46. Dcnsity and viscosity studies: SbCI. 

Property 

p 

Investigations critically re-examined 

Ref. Temp. range 

46 

46 

(T) 

325-350 

325-350 

TABLE 47. SbCl.: 

T 

325 
330 
335 
340 
345 
350 

p = 2.8922 - 1.869 X 1O-3T 
Standard error of estimate: 0.09% 

'1 = 5.62101 0.0129998T 
Standard error of estimate: 0.00% 

" 
2.2848 
2.2755 
2.2661 
2.2568 
2.2474 
2.23B1 

1.40 
1.33 
1.27 
1.20 
1.14-
1.07 

The values for density and viscosity are given in table 47. The 
data bases for these are, density: Usanovich, Sumarokova and 
Beketov {pycnometric method} [46]; viscosity; Usanovich, Sumaro· 
kova and Beketov (capillary method) [46]. 

SmCb 

Melt Preparation and Purification 

Reference [190] is discussed under the system 
KCI-NdCIs. 

TABLE 48. Electrical conductance studies: SmCI, 

Investigations critically re-examined 

Ref. Temp. range 
(T) Cell Material Calibration 

190 1073 Quartz capillary Molten NaCl, 
cell; Pt electrodes; KCl, CsCl 
freq. range: 100,000-
250.000 Hz 

TABLE 49. SmCk Specific conductance (ohm-1cm- I ) 

T 

]073.2 0.84 

• Interpolated value. 
These values are based on the work of Forthmann and Schneider 

(classical ae technique) [190]. The relative error of the measured 
conductance values was reported to be ±l%. 

Melt Preparation and Purification 

Pugachevich et al. [306] used the purest fractions of 
SnCI4 , purified by rectification in an efficient column. 

TABLE 50. Surface tension studies: SnCI. 

Investigations critically re·examined 

Ref. Temp. range 
(T) 

306' 293-383 

a Pugachevich et al. reported a maximum error of 0.2% in meas
uring the surface tension. An improved gas apparatus was described 
where it was not necessary to take into account the depth of 
immPT<inn of the (,Q1ibrnt~d tube in the t ... t liquid, the heigbt of the 

capillary rise, or the change in the level of the liquid. 
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TABLE 51. SnCl.: Surface tension (dyn cm- 1 ) 

'Y - 61.0028 
Standard error of estimate: 0.25'}'o 

T 'Y I T 'Y 

295 27.47 I 340 22.35 
300 26.90 345 21.78 

305 26.33 
I, 

350 21.21 
310 25.76 355 20.65 
315 25.19 I 360 20.08 
320 24.63 365 19.51 
325 24.06 370 18.94 
330 23.49 375 18.37 
335 22.92 380 17.80 

These values are based on the work of Pugachevich et a1. (maximum bubble pressure method) [306]. 

SrCI~ TABLE 52. studies: SrC!, 

Melt Preparation and Purification 
Investigations critically re.examined 

Zuca and Costin f2821 used p.a. reagent SrC12 recrys· 
tallized twice from distilled water and dried for 24 h at 
150°C. The salt contained in a silica cell was slowly 
heated to the melting point, alternatively under vacuum or 
dry argon gas saturated with CCI4 vapors. 

Strontium chloride was checked for alkalinity with 
phenolphthalein. 

Ref. 

282' 

Temp. range 
(T) 

ll54-1246 

Comments 

Cell material: Pt sphere and 
suspension wire; method 
checked with benzene and aniline 

Deviations from previous NSRDS recommendations: [1, p. 7J 

Ref. Min. departure :\lax. departure 

282 11.3% (Il54 K) 52.6'}'o (1232 K) 

• The large deviation among the viscosity data available for SrCl. 
indicate additional measurements are necessary to clarify the present 
disagreement. The work by Zuca et al. [282, 319] is recommended. 

Standard error 0/ estimate: 0.94% 

T 'I T I 
I '7/ 

1155 4.03 1205 

I 
3.38 

1160 3.95 1210 3.33 
lUiS as? 1215 3.2B 
1170 3.80 1220 3.23 
ll75 3.73 ]225 3.19 
llSO 3.67 1230 3.15 
ll8S 3.61 1235 3.11 
ll90 3.54 1240 3.08 
1I9S 3.49 1245 3.04 
1200 3.43 

These values, based on the work of Zuca and Costin (oscillating sphere method) (282], supersede the previous NSRDS recommendations [1]. 

TaCIs 

Melt Preparation and Purifica.ion 

The TaCl5 was purified by distillation [217). 

TABLE 54. Density studies: TaCJ, 

Investigations critically re·examined 

Ref. Temp. range 
(T) 

217 600-770 
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TABLE 55. TaO,: Density (og em-3 ) 

p = 31.5417 - 0.1452T + 0.2436·10-'1'" - 0.1384 • 10-6 '["3 

Standard error of estimate: 3.80/0 

T 

600 
610 
620 
630 
64{) 

650 
660 
670 
680 

2.289 
2.147 
2.043 
1.972 
1.928 
1.905 
1.896 
1.895 
1.896 

T 

690 
700 
710 
720 
730 
74{) 
750 
760 
770 

I 

! 

I 

I 

p 

1.892 
1.877 
1.842 
1.782 
1.688 
1.553 
1.369 
1.129 
0.823 

Theoa vltlueG arc ba.ed on the work of Ni.cl'.on, Pu.tj]'nik and Sokolova (p)"cnometric technique) [217J. 

Melt Preparation and Purification 

Sf'!' Nal.l.Thl.l t un, 200] for discussion of preparative 

IIhl··ects. 

TABLE 56. Density studies: ThO, 

Investiga tions critically re.examined 

Ref. Temp. range 
(T) Cell material 

81 1045-1173 

200 ]045-1123 Pt·bob and suspension wire 

Deviations from previous NSRDS recommendations: [1, p. 9] 

Ref. Min. departure Max. departure 

200 2.20/0 (1120 K) 3.40/0 (1090 K) 

8] 

TABLE 57. ThO.: Density (g em-a) 

T P 

1050 3.352 
1060 3.339 
1070 3.325 
1080 3.311 
1090 3.297 
llOO 3.283 
lllO 3.269 
1120 3.254 

These values, based on the work of Oyamada, Yoshida, and Ku. 
roda (Archimcdcan method) [200), .uI'c,"colc I]", jJlcviuu. NSRDS 
recommendations [1]. 

Melt Preparation and Purification 

TiCl4 in reference [307J was purified by fractionation 
Dn efficient sieve.plate columns. The chemical and spectro
scopic analysis showed an impurity content of less than 
10-3 to 1O-~%. 

Toropov [48J used TiCI~, purified by fractional distil· 
lation. TiCl4 used in [213] was purified by repeated frac· 
tional distillations. The melting point of TiCl4 in reference 
[214] was found to be 135.6 0c. 

TABLE 58. Density and surface tension studies: TiCl, 

Property 

p 

'Y 

Property 

p 

Investigations critically re·examined 

213 

214 

48 

346 

221 

307 

266 

301-406 

I 

I 

253-293 

293, 313, 333 

1340, 360, 375, 393 

lb~ijlU 

282-408 

273-373 

Comments 

sealed quartz pycnometer, 
calibrated with H.O; 
relative error estimated as 
5 X 10- 2% 

calibration with Hg 

absolute error less than 
0.02 dyn em-I; compari
.'-on of r.RpillR.'ry ri<;;,p. :And 

maximum bubble pressure 
methods given 

Deviations from NSRDS recommendations 

Ref. 

48 

266 

Min. deviation 

0.2% (333K) 

-2.3% (239K) 

Max. deviation 

0.5% (3]3K) 

-3.1% (373K) 
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TAOI..I;59. TiCI,: Density (gem- S) and surface tension Idyn cm- 1 ) 

2.1808 - 1.3581 • lO-sT 6.3489' 1O-'T2 
Standard error of estimate: 0.010/0 

Temp. range: 260-290K, [214] 
p = 2.1488 - 1.2226' 1O-3T - 7.3676' 1O-'T2 (g em-") 

Standard error of estimate: 0.04% 
Temp. range: 300-410 K. [213] 

'Y = 78.0149 - 1.7791 • lO-lT + 8.9548 • 10- oT' 
Standard error of estimate: 0.15% 

T 

260 

270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 

P 

1.71317 

1.7678 
1.7507 
1.7335 
1.7157 
1.6989 
1.6821 
1.6651 
1.6479 
1.6306 
1.6131 
1.5955 
1.5778 
1.5599 
1.5418 
1.5236 

33.95 
82.70 
31.47 
30.25 
29.06 
27.88 
26.72 
25.57 
24.45 
2.Q..'14 
22.25 
21.18 

'I'hp. VFllup.~ for {lpl'l •. :ity and surface tension arc given in table 59. 

The data bases for these arc, density: Niselson and Tret 'yak ova, 
300-410 K, [213] and Sackmann and Arnold, 260-290 K [214] 
(pycnometric method); surface tension: Pugachevich (maximum 
huhble pressure) (307). 

Tiel 

Melt Preparation and Purification 

P.A. Thallium (I) chloride in reference [140] was 
dried in the quartz apparatus for 6 hours at 10- 3 Torr 
and 350 DC. 

The salt was distilled under vacuum into a quartz 
cylinder previously washed with pure dry nitrogen and 
sealed off. Thallium (l) chloride was stored protected 
from light. TIlt: maximum error was reported to be be
tween 2 and 3 %. 

Ref. 

140 

303 

TAIlLt: 60. Viscosity studies: TICI 

Investigations critically re·examined 

Temp. range I Calibration Cell material 
(T) I 

733-1053 

732-1053 

CCl" methyl iodide, 
n-hexane, ether, 
ethyl hromide at 

Quartz cylinder con
taining the melt 
suspended on a W 

L"UU111 LCluperulure wire 

TABU; 61. TICl: Viscosity (cp) 

'1) 0.173' exp (3400/RT) 

T '1) T 'I] 

740 1.747 900 1.1513 

760 1.644 920 Ull 
780 1.552 940 1.068 
800 1.469 960 1.028 
820 1.399 980 0992 

840 1.327 1000 0.958 
860 1.265 1020 0.926 
880 1.209 1040 0.897 

These values are based on the work of Grothe (oscillating hollow cylinder method) [140]. 

UCb 

Melt Preparation and Purification 

Forthmann et!'it [190] used U02 , preheated in a pure 
hydrogen atmosphere at 900 °C as starting material. The 
oxide contained in a quartz boat was heated in an argon 
atmosphere saturated with CCI~ at 500-600 0c. TheUCI~ 
was distilled immediately into the quartz apparatus at 
700-800 DC. Dry hydrogen was passed through the melt 
at 600 "C and the temperature was increased until the 
measured conductance remained constant at 850 DC. UCla 
was analyzed by a gravimetric method and by titration 
with K!!Cr~O,. The references [135, 189, 190] are 
discussed under the system KCl-UCb. 

J. phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

TABLE 62. 

Property 

K 

p 

Electrical cunductance and density studies: DCb 

Investigations critically re-examined 

Hef. Temp. range Comments (T) 

190 1123 Quartz cell, Pt electrodes, 
calibration with molten NaC!, 
KCl, CsCI 

135 1123 graphical 

189 1113-1213 graphical 

189 1219-1303 Quartz cell; calibration with 
molten NaCI, KCl 

135 graphical 
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TABLE 63. UC],: Specific conductance (ohm-1I)m- 1 ) and density (g cm- S) 

p== 
For specific conductance only one value was reported: 

K == 1.07 at 1123 K 

T p T p 
.,.,.~ 

1220 3.962 1265 3.604 
1225 3.922 1270 3.564 
1230 3.882 1275 3.525 
1235 3.842 12BO 3.485 
1240 3.B03 1285 3.445 
1245 3.763 1290 3.406 
1250 3.723 1295 3.366 
1255 3.683 1300 3.326 
1260 3.644 

." ~. 
1 he values for specIfic conductance and density are given in table 63. The data bases for these are, specIfic conductance: Forthmann and 

Sdlllcider (classical ac technique) [190]; density: Mochinaga (pycnometric method) [189]. . 

Melt Prepnrntion nnd Purifli'ntiol'l 

Kuroda and Suzuki [52] prepared UCl4 by the reaction 
belween carbon, chlorine and urano·uranic oxide at about 
HSO °C. The urano-uranic oxide was ohtained from uranyl 

nitrate which had been previously purified with tributyl. 
phosphate, sodium nitrate and kerosene. 

Bogacz and Ziolek [179] used UCl4 prepared from 
uranyl oxalate by hydrogen reduction at 400°C to UOz 
und then chlorination at 440°C with CCl4 in a stream 
of previously purified nitrogen. The composition of the 
obtained UCl4 was found to vary between UCla.g and 
UCI4 · 01 • The salt was kept in sealed ampoules filled with 
dry argon. 

Desyatnik et a1. [212] prepared the UCl4 by chlorina. 
tion of U02 with CCI4 • The product was twice recrystallized 
and the melting point of UCl4 was iOUJld to be 587±2 °C. 

The preparation of UC14 in reference {52] is discussed 
undcr the system KCI·UCI4 • 

TABLE 64. Electrical conductance, density and surface tension stud. 
ies: UCI. 

Illvt.:!~ligations critically re"examined 

Property Ref. Temp. range Comments (T) 

K 179 872-1001 Quartz cell; Pt electrodes; 
calihration with molten KNO", 
NaNOs and KCl; experi. 
mental error was within 0.50/0 

52 67:J-943 Quou I", cell; PI dec tJ·Qde~; 

calibration with aqueous KG 

p 179 876-949 Pt sinker and suspension 
wire; measurement error of 

i 
0.1 to 0.2 % 

276 863-1273 ! 

52 873-1023 1 Quartz cell 
I 

I 

'Y 212 I 878-973 
I 

Pt crucible 

276 
" 

863-1273 
, 

17Y I 13133-933 Coaxial quartz capillary 
tubes; calibration with 
water; benzene, eel., molten 
NaNO. and KNO. 

Deviations from !IlSRDS recommendations: 
[1, p. 9 for K, otherwise this volume} 

Property Ref. Min. deviation Max. deviation 

179 -1.80/0 (880 K) -4.50/0 (B90 K) 

52 -1.90/0 (873 K) -6.00/0 (883 K) 

p 276 11.00/0 (948 K) 11.1 % (913 K) 

52 -1.60/0 (923 K) -2.0% (873 K) 

'Y 179 -3.90/0 (883 K) 3.8% (933 K) 

J. Phys. Chem. Ref. Dato, Vol. 4, No.4, 1975 



898 JANZ ET Al. 

TAllLE .. 65. UCI,: Spec:fic conductance (ohm -I cm -1); density 
(g em -3) and surface tension (dyn em -1) 

2.2782 + 4.6911 • 10-sT 1.8260 • 10 - °T2 
Standard deviation: 0.0002 

p = 5.2508 - 1.9455 • 1O-3T 
Standard deviation: 0.0006 

'Y = 204.95 - 1.8500 • 1O-1T 
Standard deviation: 0.02 

T K 'Y 

870 3.558 
8BU 0.436 3.539 42.15 

890 0.451 3.519 40.30 
900 0.465 3.500 38.45 
910 0.479 3.480 36.60 
920 0.492 3.461 34.75 

930 0.505 3.441 32.90 
940 0.518 3.422 31.05 
950 0.530 29.20 
960 0.542 27.35 
970 0.559 
980 0.565 
990 0.576 

1000 0.SS7 

The updated values for specific conductance and the new recom· 
mendations for density and surface tension are given in table 65. 
The data bases for these are, specific conductance: Bogacz and 
Ziolek (classical ae· technIque) [1791; dens!Iy: Bogacz and Ziulek 
(Archimedean method) [179]; surface tension: Desyatnik (maxi. 
mum bubble pressure method) [212J. 

ZnCh 

Melt Preparation and Purification 

The melt preparation and purification described in the 
following references are discussed under the binary systems 
p:iven in section 6. 

TABLE 67. ZnCI.: 

Ref. Systems 
93 CdCb·ZnCI~ 

91 CsCI .ZnCI~ 

]08 CsCI -ZnCb 
199 CsCI .ZnCl~ 

194 CsCI -ZnCl~ 

195 CsCl -ZnCb 
197 CsCI -ZnCh 

274 CsCl .ZnCb 
78 KCI .ZnCb 

TABLE 66. Electrical conductance studies: ZnCh 

Invcetisntionc oritiea,lly re examined 

Ref. 
Temp. range Cell materials Calibration (Tl 

286' 733--913 

297 589-673 (g) 

296 589-673 (g) 

274 589-851 Capillary silica cells; 0.1 and 1.0 demal 

108 589-851 Pt electrodes; freq. KCI solutions at 
range: 500-100,000 25° C [274], [108], 

197 b 589-851 Hz [274.], [108J, [197] [197] 

DeViatIOns from prevIous NSRDS recommendatIOns: [1, p. 10] 

'Data from [I]. 
"Data from [108]. 
For a statistical satisfactory fit two equations were generated to 

cnver Ihe tcmpp-rature range of reference [274] with standard errors 
of estimate of 9.93 • 10-" (588.9 to 672.6 K)and 9.62 • 10-4 (684.2 
til 851.4 K). The ~elhod used by Bloom and Weeks [274] is identi
c,,1 to the one di.eu.eed under the .y.tem. KC1·NaCI and NaC!
ZnCI, for the references [108,197]. 

K ::: 4.68133 - 1.4586 • + 8.8563 • 
Standard error of estimate: 2.45% (590-673 K) 

K::: 1.0297 - 2.2729 • 10-31' - 2.9677 • 1O- 7f2 + 2.1377 • 1O-oT3 
Standard error of estimate: 1.12% (673-851 K) 

T K T K 

590 0.00140 730 0.04395 
600 0.00178 740 0.05151 
610 0.00248 750 0.05995 
620 0.00352 760 

I 

0.06930 
630 0.00488 770 0.07956 
640 0.00658 780 O.OOO7!) 
650 0.00862 I 790 0.1029 
660 O.OllOO 800 0.1160 
670 0.01372 810 0.1300 
680 0.01908 820 0.1451 
690 0.02238 830 0.1611 
700 0.02650 840 0.1781 
710 0.03146 I 850 0.1962 
720 0.03727 

" lhes" values, based on the work of Bloom and Weeks (classical ac technique) [274], supersede the previous NSRDS recommendations [I]. 
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TABLE 68. Density studies:, ZnCI. 

Investigations critically re.examined 

Ref. Temp. range Cell material Calibration (T) 

128' 623---763 
I 

199"" 588-873 Silica i water 

91' 620-868 Sealed silica cell 
I 

108e 587-835 Silica i water 
I 

78 637-934 Pt bob ! 

I 
93 623-763 Quartz ball containing 

I 

water and Ccl. 
W for weight 

194 696-749 Quartz float (weighted water 
with W) ; Pt suspension 
wire 

195 623-723 as for 194 

193 873,973 

DevIatIOns from previous NSRDS recommendatIOns: [1, p. 10] 

Ref. 

78 
91 
9~ 

108 
J93 
194 
195 

'Data from [93]. 
bData from [108]. 

Min. departure Max. departure 

-0.86% (660 K) -1.1% (8ooK) 
0.0% (630K) -0.5% (800 K) 
0.0% (6BOK) _O?% (7f)OK) 

-0.1 % (683 K) 0.4'10 (600 K) 
-0.2% (873K) 
-0.02% (733 K) -0.2'10 (696K) 

0.04%(660 K) -0.1% <720K) 

'References [91, 108, 199] are discussed under the system esCI· 
ZnO •. A statistical analysis of the experimental data in [108] reo 
sulted in a satisfactory linear equation over the whole temperature 
range, as reported for the system CsCl·ZnCb. A slightly better fitted 
equation is given in table 69. 

TABLE 69. ZnCI,: 

p 3.0183 1.0536 • 1O-3T + 3.7641 • 1O-7T2 
Standard error of estimate: 0.05% 

p T 

2.528 720 
2.522 730 
2.516 , 740 
2.510 

I 750 
2.504 760 
2.498 770 
2.492 780 
2.487 790 
2.481 800 
2.476 810 
2.471 3?O 
2.465 830 
2.460 

899 

p 

2.455 
2.450 
2.445 
2.440 
2.435 
2.430 
2.426 
2.421 

I 2.416 
2.412 

I 

2.4117 

2.403 

These values, based on the work of Weeks [108] (pycnometric method), supersede the previous NSRDS recommendations [I]. 

Melt Preparation and Purification 

l\'isel'son [268] used the purest fractions of ZrC14 , 

fractionated in a packed metallic column. The content of 
metallic impurities was Jess than 0.01 %. 

ZrC14 in reference [264] was prepared by chlorination 
of Zr in a quartz tube under dry argon to prevent oxida· 
tion, followed by resublimation. The product was stored 
in sealed ampoules. 
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TABLE 70. 

Property Ref. Temp. range 
(T) 

p 264 707-770 

'1 268 710-760 

'Y 268 716-761 

JANZ ET AL. 

Zre], 

Comments 

1\10 glass cell; correction 
applied for thermal expansion 
of the glass 

Borosilicate glass cell; 
calibration with water and 
eel;/, j c~timatcd error lesSe 

than 10/0 

Borosilicate glass 

TABLE 71, Zre],: Density (g cm-3 ), viscosity (cp) and surface 
tension (dyn cm- 1 ) 

T 

710 
715 
720 
725 
730 
735 
740 
745 
750 
755 
760 
765 

p = - 22.3517 + 7.2020' 1O-2T - 5.3886 • 1O-5T2 
Standard error of estimate: 1.070/0 

'IJ = 11.0518 - 2.<W17 • lO-"T + 1.3787 • 1O-"T2 
Standard error of estimate: 4.440/0 

'Y = 304.3602 - 7.0955 • lO-'T + 4.0916 • 1O-4T2 
Standard error of estimate: 3.11 0/0 

p '1 'Y 

1.62 0.381 
1.60 0.356 6.20 
1.57 I 0.330 5.59 
1.54 I 0.306 5.00 
1.51 I 0.282 4.43 
1.47 0.259 3.88 
1.44 0.237 3.35 
1.40 0.215 2.84 
1.35 0.194 2.35 
1.31 0.174 1.88 
1.26 0.154 1.43 

1.21 

The data bases for these are. density; Nisel'son and Sokolova 
(pycnometric method) [264]; viscosity: Nisel'son (capillary tech. 
nique) [268]; surface tension: NiseI'son (capillary rise method) 
[268]. 

5.4. Additional Studies 

The following table summarizes information relative to 
additional studies for single salt melts that have been 
reported since the publication of NSRDS-NBS-15 [1] 
and NSRDS-NBS-28 [2]. This information does not 
include new systems or cases where a revised recommen-

dation has heen introduced; such cases are discussed in 
detail in earlier sections. The information included in this 
summary ta'hle indicates the authors, reference and maxi
mum and minimum percent departure of the various 
studies relative to the previously recommended values. 

Reference 

288 
12 
58 
67,169 

124 
131 

26 
124 
181 

136 

2,.2 

TABLE 72. Deviations from NSRDS recommended values: AgC! 

Authors Min. departure 

CvnJucl.um;" (NSRDS lef~rence data base BeJl, Flengas (1964), [1], p. 10) 

Sakai (1954) -Q.400/0 (727.56 K) 
Sandonnini (1920) -8.600/0 (773.16 K) 
Markov, Prisyazhnyi (1962) graphical 
Bizouard (1961) -0.760/0 (973.16 K) 
Markov (1965) graphical 
Protsenko, Shatskaya (1967) graphical 

Density (NSRDS reference data base Bell, Flengas (1964), [11. p. 10) 

Boardman, Dorman, Heymann (1949) 
Markov, Prisyazhnyi (1965) 
Markov, Prisyazhnyi (1963) 

0.630/0 (750 K) 
graphical 
graphical 

VlscoSlIy \ NSRU::; reference data base Harrap, Heymann (1955), [1], p. 10) 

Rarrap, Heymann (1951) 0.240/0 (773.2 K) 

Suriace tension (NSRDS reference data base Boardman, Palmer, Heymann (1955), [2], p. 59 

Max. departure 

-4.91 % (880.56 K) 

-1.080/0 (873.16 K) 

1.050/0 (900 K) 

Sternberg, Tcrzi (1972) -2.300/0 (700 K) -2.700/0 (.wo K) 
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20 
63 

]20 
ISS" 
151 
)82 
210 
.339 

24 
79 

105 
150 
152 
]67 
89 
22 

167 
250 
244 

297 

Reference 

281,324 
283 
302,278 
275 

90 

Reference 

2YIJ 
297 
120 
12 

109 
94 

160 
170 

44 
144 
146 

5 
210 
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TABLE 73. Deviations from previous NSRDS, recommendations: BaCh 

Authors Min. departure 

Conductance (NSRDS reference data base Bockris, e\ a!. (1966), [1], p. 7) 

Alabyshev, Kulakorskaya (1946) 
Barzakovskii (1940) 
Kochinashvili, Barzakovskii (1957) 
Smirnov, Khokhlov (1969) 
Bondarenko, Strelets (1965) 
Taniuchi (1970) 
Argyriades (1954) 
Kuvakin, Evstifeev, Ispolin, Talanova (1973) 

graphical 
5.4a'10 (1245.16K) 

-6.04% (1273.16 K) 
0.01% (1260K) 

graphical 
graphical 

-1.70% (1236.l6K) 
-12.4'(0 0273 K) 

Density (NSRDS reference data base Van Artsdalen, Yaffe (1956), [1], p. 7) 

Barzakovskii (1940) 
::imirnov, l'uzanova, 5tepanov (1969) 
Bukhilova, Yaguh'yan (1968) 
Reding (1965) 
Yaguh'yan, Bukhalova (1968) 
Bondarenko, Strelets (1962) 
Bukhilova, Yaguh'yan (1965) 
Abramov (1936) 

-1.91% (1240K) 
graphical 

graphical 

6.280/0 (1360 K) 
0.0% (1240 K) 

901 

Max. departure 

-7.18% 0357.16 K) 
-6.10% (1323.16 K) 

1.570/0 (1360 K) 

-4.73% 0343.16 K) 

-1.40% (1273 K) 
2.22'}'0 (1270 K) 

0.23% (1273.16 K) 
6.46% 0240 K) 
0.130/0 (1360 K) 

Surface Tension (NSRDS reference data hase Peake, Bothwell (954), [2], p. 60) 

Bondarenko, Strelets (1962) 
Barzakovskii (1940) 
Bertozzi (1964) 

Markov, Polishchuk 0%5) 

graphical 

graphical 

TABLE 75. Deviations from previous NSRDS recommendations: Bias 

Ant!.",.,. Min. departure 

Conductance (NSRDS reference data base Grantham (965), [1], p. 13) 

Ichikawa, Shimoji 0966} graphical 
Bertram, Lambrecht, Wiebe (1970) graphical 
Grantham, Yosim 0%3) graphical 
Darnell, McCollum, Yosim (1%9) -0.5% (660 K) 

Density (NSRDS reference data base Voigt, Biltz (1924), [l], p. 13)-

Boston 096S) -0.12% (700 K) 

TABLE 76. Deviations from previous NSRDS recommendations: CaCI. 

Authors Min. departure 

Conductance (NSRDS reference data base Brockris, et al., 0%0), [l], p. 7) 

Emons, Richter (1965) 
Markov, Polishchuk (1965) 
Kochinashvilli, Barzakovskii (l957) 
Sandonnini (1920) 
Grjothelm, Nikulic, flye (1970) 
Markov, Prisyazhnyi (1965) 
Mulcahy, Heymann (1943) 
Emons, Brautigam, Vogt (1970) 
Luzhnaya, Evseeva, Vereshchetina (1956) 
Barzakovskii (940) 
Story, Clarke (1957) 
Arndt, Gessler (1908) 
Argyriades (954) 

graphical 
graphical 

-9.35% (1173.16 K) 
-5.02% (1123.16 K) 
-1.:;4% (l093.66K) 

graphical 
graphical 
graphical 
graphical 

-4.57% (]073.16 K) 
-0.13% (1]24.46 K) 
-9.29% (ll23.16K) 

0.38% (1]38.16 K) 

---,-~~~~--------

0.78% (1173.16 K) 
21.20/0 (1273 K) 

Max. departure 

29.4% (550 K) 

-0.22% (7S0K) 

Max. departure 

-10.84% (ll23.16 K) 
-7.24% 0223.16 K) 
-B.7S,),,, (1173.% K) 

-8.96% (]173.16K) 
-0.36% (1075.66 K) 

-11.43% (]273.16 K) 
-2.55% (1243.16 K) 
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Reference 

6 
202 

17 
34 

144 
94 
95 
44 
12 
28 

130 
133 
30 

Reference 

288 
293 
301 
116 
283 
297 
160 

94-
]17 

338 

JANZ ET AL. 

TABLE 76. Deviations from previous NSRDSrecl:!mmendations: CaCI,-Continued 

Authors Min. departure 

Density (NSRDS reference data base Van' Artsdalen, Yaffe (1956) [l], p. 7) 

Arndt, Gessler (1908) -0.92% 11273.16 K) 
Markov, Prisyazhnyi (1970) 7.16'7'0 0060 K) 
Fuseya,Ouchi (1949) 0.56% m23.16 K) 
Vereshchctina (1954) -1.10% (]073.16 K) 
Barzakovskii (1940) 1.12% (1060 K) 
Markov, Prisyazhnyi (1965) graphical 
Maurit (1966) graphical 
Luzhnaya, Evseeva, Vereshchetina (l956) graphical 
Sandonnini (1920) -0.76% (l073.16 K) 
Pavlenko (1949) -0.70% 0l57.16K) 
Lillebuen (1966) -0.01% 0065.56K) 
Grjotheim, Holm, !lye (1971) 

Potter, St. Oair, Huber (l952) 

TABLE 77. Deviations from 

Authors 

-0.73% (1091.2 K) 

NSRDS recommendations: CdCl. 

Min. departure 

CI)"dUC1~nce (NSRDS rden;lIce dall1 base Buckr;., "l a1., (1960) 11),1" 11) 

Sakai (1954) -0.12% (930.46 K) 
Hills, Djordwic 0%8) 
Grantham 09(6) 0.03% (885.16 K) 
Sakai U954} 0.59% (908.16 K) 
Bertram, Lambrecht, Wiebe (1970) graphical 
Markov, Polishchuk (1%5) graphical 
Mulcahy, Heymann (1943) graphical 
MUJ'kuv, Pri.yazhuyl (965) graphical 
Sakai, Hayashi (1953) graphical 
Suski, Stachowicz (972) 2.2'7'0 (903.5 K) 

Max. departure 

-1.05% (1123.16 K) 
7.32% (Jl20K) 
0.59% (1073.16 K) 

-1.15% (1123.16 K) 

1.66% !l230 K) 

-1.06% (]173.16K) 
-0.10% (1073.16 K) 

0.12% (1142.16 K) 
0.00'10 (1073.16 K) 

-0.78% 0148.2 K) 

Max. departure 

2.17% (850.56 K) 
0.03% (873.16 K) 
3.55% (843.16 K) 
'J..2Y'7o \ \$6t1.1<:' K) 

2.2% (l009K) 

Density (NSRDS reference data base Bloom, et aL, (1953), and Boardman, (1949), [IJ, p. II)' 

204 
193 

94 
103 
93 
78 

184 

36 
136 

234 
255 
143 
235 

Reference 

n8!) 

106 

I 
i 

I 

II'yasov, Barsegov (1970) 
Lantratov, Shevlyakova (1963) 
Markov, Prisyazhnyi (1%5) 
Bloom, Boyd, Laver 09(6) 
Markov, Prisyazhnyi (1968) 
Ellis (967) 
Ellis (1959) 

graphical 
-0.65'7'0 (973.l6K) 

graphical 
-0.02% (1000 K) 
-0.01% (970K) 

0.02% (990K) 
-0.02% (987.16 K) 

Viscosity (NSRDS reference data hase Bloom, Harrap, Heymann, (1948) [I], p. 11) 

Harrap, Heymann (1955) 
Harrap, Heymann (1951) 

0.04% (923.15 K) 

Surface tension (NSRDS reference data base Ellis, (1958) [2], p. 61) 

Boardman, Palmer, Heymann (955) 
Ellis, Freeman (l%5) 
Ellis, Smith (958) 
Ellis. Smith. Wilcox. ('..rook (1961) 

graphical 
0.10% (859.00K) 

graphical 
0.10% (859.00K) 

A uthors Min. departUl"e 

Conductance (NSRDS reference data base Bronstein, Dworkin, Bredig, (]%2) [I], p. 8) 

Smirnov, Lboy (1%6) 18.33% (1l20K) 

Density (NSRDS reference data base Senderoff, (1%0) [I], p. 8) 

Sm.irnov, Lbov (1%6) 0.01 % moo K) 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

-2.13% (873.16 K) 

-0.05% (1070 K) 
-0.48% (870 K) 

0.10% (850K) 
-0.15% (895.16 K) 

0.75% (873.15 K) 
1.]9% (873.15 K) 

1.30% (924.00K) 

1.30% (924.00 K) 

Max. departure 

23.237u (l210 K) 

0.01% (l170K) 
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TABLE 79. Deviations from previouB NSRl)S recommendations: CsCI 
~~===r====~~~====~==~====~~====~~~===== 

Authors Min. departure Max. departure Itd"rence 

)(,6" 

141 
124 
59 

158 
104 

98 
)42 

il 
166 

260 
264 
294 

75 
79 
98 

103 
130 
133 
141 
158 
177 
202 
124 
142 
152 
181 
205 

244 
252 
253,258 

Conductance" (NSRDS reference data base Van Artsdalen and Yaffe, (1956) [11, p. 6) 

Smimov, Khoklov (969) -0.230/0 (1010 K) 
Zuea,Olteanu (1968) -0.88% (993.15 K) 
Markov, Prisyazhnyi (1965) graphical 
Chemov, Delimarskii (961) graphical 
Bogacz, Ziolek (967) 1.31 % (940 K) 
Smimov, Khoklov, puzanova 0966} graphical 
Zuea,Oheanu (1970) -0.55% (l0l0 K) 
.Bloom (1%11) graphical 
Fedorov, Petrov (1967) graphical 
Von Forthmann, Vogel, Schneider (1969) graphical 

Density (NSRDS reference data base Van Artsdalen, (1956) [IJ, p. 6) 

Vasu (1969) 
Jaeger, Kahn (1916) 
Murgulescu, Zuea (1962) 
Smirnov, Stepanov, Khokhlov (1966) 
Smimov, Puzanova, Stepanov (l969) 
Zuca,Olteanu (1970) 
Bloom, Boyd, Laver, Wong (1966) 
Lillibuen (1966) 
Grjotheim, Holm, 0ye (1971) 
Zuea,Olteanu (969) 
Bogaez, Ziolek (1970) 
Smirnov, Stepanov (1969) 
Markov, Prisyazhnyi, Prikhod'ko (1970) 
Markov (965) 
Bloom (1963) 
Bukhalova, Gagub'yan (l968) 
Markov, Prisyazhnyi (1963) 
Prisyazhnyi, Bryzgailo (1966) 

0.01% (94OK) 
-0.00% (945.16 K) 
-0.38% (960K) 

0.12% (970 K) 
-0.30% (1090K) 

0.26% mIOK) 
0.01% (I020K) 

-0.29% (1090K) 
-0.56% (990 K) 

-0.06% (940 K) 
graphical 
graphical 
graphical 
gra.phical 
graphical 

Surface tension (NSRDS data reference base Jaeger, (1917) [2J, p. 58) 

Morachevski (1967) 
Smirnov, Stepanov (1968) 
Lillebuen (1969) 

graphical 
-0.100/0 (993.16 K) 
-0.050/0 (1013.16 K) 

-7.48% (940K) 
-9.95% (1103.15 K) 

3.23% (990K) 

-7.48% (948K) 

0.00% (950 K) 
0.050/0 (1010 K) 

-0.08% (1110.16 K) 
-1.14% (l070K) 
-1.26% (1170 K) 
-0.39% (94OK) 

0.46% (970K) 
-0.14% (94OK) 

0.090/0 (1073.16 K) 
-0.38% (940K) 
-0.580/0 (940K) 

1.220/0 (1123.16 K) 
-0.16% (1000 K) 

-1.10% (933.16K) 
-1.40% (933.l6K) 

"The results of Smirnov (966), Smirnov (1969) and Zuca (196B) are in agreement within ±1 % at temperatures up to 1020 K, but at 
higher lemperalures the Yan Artsdalen data fall uniformly above with a maximum percent departure -80/0 at -1l60 K. 

"Reported graphically in 209. 

Reference 

190 

Reference 

313 
295 

278 
76 
15,123 

310' 

'See a) so [IJ, ref. 127. 

TABLE 80. Deviations from previous NSRDS recommendations: ErC!. 

Authors Min. departure Max. departure 

Conductance (NSRDS reference data base Dworkin, Bronstein, Bredig, (1963) [I], p. 9) 

Forthmann, Schneider (I969) graphical 

TABLE 81. Deviations from previous NSRDS recommendations: HgCI. 

Authors Min. departure Max. departure 

Conductance (NSRDS reference data base Grantham, Yosim, (1966) [I], p. 11) 

Cleaver, Smedley (1970) graphical 
Darne)], McCollum (1971) data; A "t elevated 

pressures 
Grantham, Yosim (1967) graphical 
Bergman, Chagin (1940) 1.92'7'0 (573.16 K) 
Belyaev (1940) graphical 

Density (NSRDS reference data base Janz, McIntyre, (I962) [I], p. II) 

Johnson, Silva, Cubieiotti (1965) I -0.17% (596.8 K) -0.38% (568.8 K) 

J. Phys. Chem. Ref. Dala, Vol. 4, No.4, 1975 
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TABLE 82. Deviations from previous NSRDS recommendations: KCI 

Reference Authors Min. departure Max. departure 

Conductance (NSRDS reference data base Van Ansdalen and Yaffe, (1955), [1], p. 5) 

290 Lillebuen, Danek (l970) graphical 
94 Markov, Volkov, Prisyazhnyi (1965) graphical 

109 Grjotheim, Nikolic, 0ye 0970} 0.0970 (1149.95 K) 0.05% (1123.55 K) 
160 Mulcahy (1943) graphical 
171 Emons, Brautigam, Vogt (1970) graphical 
98 Zuca, Olteanu (l970} -0.13% (1200 K) -0.27% (1060 K) 

287 Balakir, Bushnev (1968) 9.5170 0073.15 K) 17.71 % (1213.15 K) 
270 Kuraev, Voleinii, Shabdenov (1972) -5.760/0 (1223.15 K) -7.58% (1123.15 K) 
305 Lillebuen, Danek (1972) 0.11 % (1150 K) 1.75% (1070 K) 
186 Vogel, Schneider (1%9) graphical 
190 Von Forthmann, Scheider (1969) graphical 
b!> Matsumura, Mizuno, Nishihara (1961)) 0.13% 0073.15 K) 0.247'0 (1113.15 K) 

183 Kawamura (1969) graphical 
96 Uk she, Kachina·Pullo (1966) -0.02% (1170.15 K) -0.20% (1126.15 K) 

113 Sherbakov, Markov (1939) -1.21 % (1073.15 K) -1.66% (1073.15 K) 
114 Botashev (1935) 4.150/0 (1073.15 K) 11.94% (1173.15 K) 
14S Karpachev, Stromberg (934) -0.37% (1123.15 K) -1.21 % (1073.15 K) 
72 Murgulescu, Zuca (959) 0.01% (Il23.15 K) 0.04% (1073.15 K) 

218 Markov, Tarasenko (1958) graphical 
91 Sundheim (1957) 0.01,f)10 (lon.15K) 

142 Bloom (963) graphical 
71 Fedorov, Petrov (1%7) graphical 
55 Delimarskii, Chernov (1960) 0.13% (1073.15 K) 
!\9 n,,]imn.kii, r.h"Tnov (19fil) graph;",,] 
61 Kamenetskii, Scheoylajakova (1962) 0.50% (1223.15 K) -5.040/0 (1123.15 K) 
58 Markov, Prisyazhnyii (1962) graphical 
67 Bizouard (l96l) -0.01% (1073.15 K) 

124 Markov, Prisyazhnyii (1965) graphical 
95 Doucet, Michel (1960) -0.01% (1073:15 K) 
83 Zuca, Ionescu·Vasu (1967) 0.25% (1060 K) -0.5% (1200K) 

201 :Matsumura, Mizuno, Nishihara (l967} -0.01 % (1086.15 K) 0.18% (1126.15 K) 
56 Markov, Prisyazhnyii (962) graphical 

273 Janz, Lorenz (1960) -0.10% m07.55 K) -2.790/0 (ll25.35'K) 
210 Argynades (1954) 3.62% (1128.15 K) 4.31% (1176.15 K) 

Density (NSRDS reference data base Van Artsdalen, Yaffe, (1955) [I), p. 5) 

28 I'avlenko (1949) -0.90% (1145.15 K) -1.15% (1071.15 K) 
130 Lillebuen (1961} 0.200/0 (1123.15 K) 0.32% (1013.15 K) 
133 Grjotheim, Holm, 0ye (1970) 0,32% 0073.15 K) 
98 Zuca,Olteanu (1%9) 0.00% 0090 K) 0.21 % (1210 K) 

178 Smirnov, Stepanov (969) • -0.08% 0170 K) -0.10% (1070 K) 
228 Neitharnrner, Peake (1961) -0.370/0 (1222.15 K) -0.85% (1089.15 K) 
284 Saeger, Kahn (916) -0.240/0 0110.15 K) 3.83% (1058.15 K) 

27 Von Grothe (1949) -0.00% (1173.15 K) 0.45% (1073.15 K) 
89 BukhaiQva, Yaguh'YRl1 (lQ6~) b -0.130/0 (1060 K) -0.390/0 (1270 K} 

150 Reding (1965) -0.250/0 0070 K) 0.32% (1220 K) 
83 Zuea, Ionescu.Vasu (1967) 0.00% (lI03 K) -0.23% (953 K) 
62 Treadwell, Cohen (1939) -1.07% (1073.15 K) 

145 Karpachev, Stromberl!: (1934) -1.67% (1073 K) 
72 Murgulescu, Zuca (1959) 0.12% 0073.15 K) 
24 Barzakovskii (1940) -0.28% (1173.15 K) -4.05% (1073.15 K) . 

143 Ellis, Smith (1958) 0.000/0 (1250 K) 
181' Markov, Prisyazhnyii (l963} -0.21 % (1073.15 K) 
53 Murgulescu, Zuca (1965) 0.01 % (1093 K) 0.02% (1203 K) 

194 Markov, Bolkov (1967) -0.16% (1ll1.45K) -0.18% (1142.15 K) 
189 Mochinaga, Kuroda (l%9} 1.290/0 (1070 K) 2.43% (1270 K} 
219 Buckle, Tsaoussoglou (1972) 1.07% 0060 K) 1.86% 0220 K) 
171 Emons, lSrautigam, Vogt (1970) graphical 
87 Yamate, Takeuchi (960) graphical 

193 Lantratov, Shevlyakova (1963) graphical 
100 Matsumura, Mizuno, Nishihara (1966) graphical 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 82. Deviations from previous NSRDS recommendations: KCI-Continued 
p,. 

Itcference Authors Min. departure 

277 
24 
66 
53 

100 
88 
29 

201 i 

Viscosity (NSRDS reference data base Murgulescu, Zuca, (1961) d [11, p. 5) 

Dumas, Grjotheim (1970) -7.11 % 0136.15 K) 
Barzakovskii (1940) 3.39% (1073.15 K) 
Bondarenko (1966) 0.43% 01l3.l5 K) 
Murgulescu, ZUCB (1965) 0.350/0 0073.15 K) 
Matsumura (1964) 20.580/0 (1063.16 K) 
Bondarenko (1969) 0.09% (]]5I.l5 K) 
Ogawa (1949) graphical 
Matsumura, Mizuno, Nishihara (1961) graphical 

'See [106] for graphical analysis. 
"See [152J and [l05] for graphical analysis of this data. 
'Sec [94], [124J, [162] and [205] for additional information. 

905 

Max. departure 

-10.28% (l080.15K) 
5.70% (1173.15 K) 

11.47% (1l51.15 K) 
1.46% (1113.15 K) 

23.50% (1108.15 K) 
9.59% (1106.00 K) 

·See also S. Zuca and R. Borcan; Rev. Roum. Chim., 15,1681 (970). In light of these additional studies the uncertainty estimate reported 
in Molten Salts Vol. 1 should be revised to ±1.590 for the lower temperature limits to a somewhat larger uncertainty i.e. ±590 at the higher 
temperatures. 

TAaLE 83. Deviations from NSRDS recommendations: LaC], 

Reference Authors Min. departure 

Den.ity (NSRDS reference data hue Van Art.dalen, Yaffe, (1956) [1), p. 8) 

177 Smirno,·, Stepanov (1969) -0.56% (1260 K) 

Viscosity' (NSRDS reference data base Smirnov, KhokhIov and Stepanov (1966) [1], p. 8) 

173 I Smirnov and KhokhJ()v (1970) O.lBo/~ (1240 K) 

"The uncertainty estimate reported in ref. 1 should be increased to 3'}'0. 

47 

287 
67 

179 
155 

65 
210 
191 

183 
73 

171 
94 

284 
294 
130 
133 
179 
202 

75 
176 

Conductance (NSRDS reference data base Van Artsdalen and Yaffe (1955) [1], p. 4) 

Dulce, :ru •• ell (1964) 1.18% (9B6.15 K) 
Balakir, Bushnev (1968) -3.01'}'o (I023 K) 
Bizouard (1961) -0.08'}'o (973.15 K) 
Bogacz, Ziolek (970) -0.69'}'o (925 K) 
Smirnov, Khokhlov (969) Equation given; outside 

temperature range of 

Matsumura, Mizuno (966) 
Aragyiades. (1954) 
Danielyan, Belyaev (965) 

Kawamura (1969) 
Fedorov, Petrov (1967) 
Emons, Brautgam, Vogt (1970) 
Markov, Prisyazhnyi, Volkov (1965) 

data base 
-0.36% (1023 K) 
-5.280/0 (1076 K) 

Single data point; outside 
temperature range of data 
base 

graphical 
graphical 
graphical 
graphical 

Den.ity (NSRDS r"fp.T .. nr. .. (latn haAP V"n Al't.(l .. 1pn, Y .. ff" (l()!;S) [1l, p 4) 

"Jaeger, Kahn (1916) -0.34% (899.15 K) 
Murgulescu, Zuca (1962) b -0.25% (1062:15 K) 
Lillebuen (1961) 0.160/0 (902.6 K) 
Grjotheim, et a!. (l971) 
Bogacz, Ziolek (1970) 
Markov, et aI. (1969) 
Smirnov, et a!. (966) 
Smirnov, Stepanov (1970) 

T out of range of data base 
0.26'}'o (910 K) 
0.01'70 (9]0 K) 
0.00'70 (950 K) 

-0.22% 0123 K) 

Max. departure 

-1.350/0 (1140 K) 

2.810/0 (002.55 K) 

-0.20% (923.15 K) 
-0.820/0 (895 K) 

1.28% (1073 K) 
-6.97'}'0 (1163 K) 

-0.37% (956.15 K) 
-0.71 % (1014.15 K) 

0.730/0 0059.6 K) 

0.320/0 (920 K) 
0.01% (I050K) 

-0.10% (1060 K) 
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Reference 

194 
191 
196 
171 
100 

88 
82 
23 
86 

?Q4. 

252 
257 
179 
258 

JANZ ET AL. 

TABLE 84. Deviat;ons from previous NSRDS recommendations: LiCI-Continued 

Authors Min. departure 

Den.ity (NSRDS rderence data bMe Van Artodalen, Yaffe (1955) [lJ. p.1·) 

Markov, Bolkov (1966) -0.26% (927.65 K) 
Danielyan, Belayev (1963) -0.01% (970K) 
Chesnokov, Strelets (1970) graphical 
Emons, Brautigam, Vogt (1970) graphical 
Matsumura, Mizuno, Nishihara (]966) graphical 

Viscosity' (NSRDS reference data base Murgulcseu, Zuea (1%3) d [1], p. 4) 

Blmdarenko (1%4) -1.04% (9Il K) 
Smirnov, Khokhlov (1967) -0.60% (1060 K) 
Karpachev, Stromberg, Padachinova (1935) -2.39% (973 K) 

Nishihara, Matsumura, Asaki (1964) 7.42% (947 K) 
-011% (10074.<; K) 

Surface tension (NSRDS reference data base Ellis (1961) [2J, p. 55) 

Smirnov, Stepanov (1968) 
Mizuno (1%8) 
Bogacz, Ziolek (1970) 
Grjotheim, Holm, Lillebuen (1971) 

5.65')'0 (1133 K) 

4.43% (ll88K) 
11.76% (920 Kl 

0.31 '70 (893 K) 

Max. departure 

-0.44'}'o (896.35 K) 
-0.13% (890 K) 

9.78% (917 K) 
-4.65% (930 K) 
-8.41% (lOnK) 
15.66% (917K) 

-l?4.o/n (QSR1SK) 

9.64% (893 K) 
7.06% (887 K) 

14.320/0 (SSO K) 
-2.24% (1143 K) 

'The fact that the new results are consistently lower would support the suggestion that there may be a conductance short through the cell 
walls occurrin~ in some of those studies clustering at the higher values. Until experiments arc repeated usin~ an air thermostattcd bath in a 
sealed capillary cell it is difficult to resolve this problem unambiguously (refer to section 3.1). 

'See also S. Zuca and R. Borcan; Rev. Roum. Chim., 15, 1681 (1970). 
'In light of the new investigations the uncertainty estimate reported in Molten Salts Vol. 1 should be revised to ±3'70. 
"See also S. Zuca and R. Borean; Rev. Roum. Chim., IS, 1681 (1970). 

Reference 

109 
114 
117 
151 
167 
so 
94 
% 

1% 
30 

130,133 
102 
150 

95 
62 

236 
167 
241 
223 

TABLE 85. Deviations from previous NSRDS recommendations: MgCb 

Authors Min. departure 

Conductance (NSRDS reference data base Bockris, et a1. (1960) [1], p. 6) 

Grjotheirn, Nickolic, \'lye (l970) -0.18% (1082 K) 
liatashov (1935) -·3.96% (1023 K) 
Sakai, Hayashi (1953) 0.66% 0023 K) 
Bondarenko, Strclets (1%5) graphical 
Bondarenko, Strelets (1962) -0.25% (1073 K) 
Potter, Huber, St. Clair (952) -0.55% (999 K) 
Markov, Prisyazhnyii (1%5) gra.phical 
Ukshe, Kachina 09(6) 2.25% 0074 K) 

Density (NSRDS reference data. base Ellis, Smith (1958) [1], p. 6) 

Chesnokov (1970) graphical 
Potter, Huber, St. Oair (1952) 0.41% (1240 K) 
Lillebuen (1969) 0.37% (1000 K) 
Grothe (1%2) graphical 
Reding 0%5) 0.77% (l000 K) 
Marit (1966) 0.0% (1145 K) 
Treadwell, Cohen (l939) -0.19% (998 K) 

Snrf.rp tPn,,;on (NSRDS rpj"'r"nc" data base' Dcsyntnikov (956) [2], p. 59) 

Grjotheim, Holm, et al. (1972) 
Bondarenko, Strehlets (1%2) 
Reding (l%6) 
Zezyanov, IJ'ichev (960) 

-4 .. 82% (1203.16 K) 
1.50% (993.16 K) 
7.76% (1203.16 K) 
0.76% 0073.16 K) 

'The uncertainty of the recommended data base is estimated to be ±2'70. 

J. Phys. Chem. Ref. Oat", Vol. 4, No.4, 1975 

Max. dl'[.arture 

-0.37% (1220 K) 
-5.50'70 (1123 K) 

0.79% (973 K) 

-5.32% (1173 K) 
-2.21'70 (1242 K) 

2.42% (l103 K) 

0.62% (1000 K) 
0.60% (1240 K) 

0.87'70 (1240 K) 
-2.26% (1240 K) 

0.30% (I073 K) 

-6.56% (993.l6 K) 
1.55% (1203.16 K) 
9.40% (993.16 K) 
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TABLE 86. Deviations from previous NSRDS recommendations: NaCl& 
~~.==~======~~~~~~~~~~~~~==p========= 
Ill'lrrr.nce Authors Min. departure. Max. departure 

309 
f,4 

109 
63 
61 

287 
261 
200 
65 
67 

201 
2JO 

247 
113 
))4 
305 
146 
83 

]52 
171 
34 

133 
12 

196 
294 
284 

10 
98 
B9 

144 
44 

162 
130 
156 
83 

200 
17 

15l 
24 
34 
53 

201 
277 
320 

242 
250 
257 
308 
258 
254 

Electrical conductance (NSRDS reference data base Van Artsdalen, Yaffe (1955) [1], p. 4) 

Ketelaar, Maenaut (1972) -0.01% (1133 K) 
Beloserski, Freidina (1941) -3.54% (1123 K) 
Nikolic, Grjotheim, 0ye (970) 0.11 % (1136 K) 
Barzakovskii 094O} -0.44% (1089K) 
Kamenetzky, Shevlyakova (1962) -4.61 'i'o (1223 K) 
Balakir, Bushuev, Kudryavtsev (1968) -2.20% (1123 K) 
Lee, Pearson (1945) 0.79% (1173 K) 
Danek, Matiasovsky, Lillcbuen (1971) 0.22% (119SK) 

Matsumura, Mizuno, Nishihara (1966) -1.66% (lIl3 K) 
Bizouard (1961) 0.180/0 (1123 K) 
Matsumura, Mizuno, Nishihara (l967) -1.35% (I106K) 
Argyriades (11)54) -2.B4% (1148 K) 

Bondarenko, Strelets (l962) -2.34% (1123 K) 
Markov, Sherbakov (l939) 1.82% 0123 K) 
Batashev (I935) -2.56% (1173 K) 
Matiasovsky, Ullebuen, Danek (1972) 0.17% (1243 K) 
Clarke, Story (957) -0.12% (1]70 K) 
Zuca, Vasu (l967) 0.01% (J083K) 

Density (NSRDS reference data base Van Artsdalen, Yaffe (1955) 11). p. 4) 

Yaguby'an, Bilkhalova (196B) 
Emons, Brautigam, Vogt (1970) 
Vereshchetina, Luzhnaya (1954) 
Grjotheim, Lillebuen, Holm (1971) 
Sandonnini (920) 
Chesnokov (1970) 
Zuca, Murgulescu (1962) 
Jaeger, Kahn (1916) 
Fu.eya, Ou~hi (913) 
Zuca, Olteanu (1970) 
Bukhalova. Yagub'yan (1965) 
Barzakovskii (1940) 
Luzhnaya, Evseeva (956) 
Markov, Prisyazhnyi (1963) 
Lillebuen, Herly, Frear (1961) 
Sheiko, Perks, Pozdnyokov (1965) 
Zuea, Inn~'''II.VlI~1I (lCll17) 

Yamada, Yoshida, Kunoda (]969) 
Fuseya,Ouchi (1949) 

graphical 
graphical 

-1.290/0 (1098.16 K) 
0.22% (l073.l6 K) 

-1.111'10 01211.16 K) 
graphical 

-0.61% (l085.86K) 
-0.730/0 (1127.16 K) 
-0.3510 (1123.16 K) 

0.21 % (l090 K) 
3.00% (lOBO K) 
0.840/0 0080 K) 

graphical 
graphical 

0.240/0 (109OK) 
-2.89% OOBO K) 
-101% (lOBOK) 
-1.23% (1170K) 
-0.46% (l085 K) 

Viscosity' (NSRDS reference data base Murgulescu and Zuca (1963) [1], p. 4) 

Bondarenko, Strelets (1965) -5.650/0 (1234 K) 
Barzakovskii (1940) 0.32% (lI73 K) 
Vereshchetina, Luzhnaya (1954) 2.65% (1153 K) 
Murgulescu, Zuca (1965) 0.320/0 (1153 K) 
Matsumura, Mizuno, Nishihara (1967) 2.82% (1113 K) 
Dumas, Grjotheim, Hogdabl, 0ye (1970) -18.27% (1175 K) 
Moynihan (1967) 0.27% (I074 K) 

Surface tension' (NSRDS reference data base Sokolova, Voskresenskaya (1962) 12], p. 57) 

Sternherg, Terzi (1972) 0.00/0 (1l23.0 K) 
Barzakovskii (l94O) 0.0% (1273 K) 
Mizuno, Matsumura, Tenako (1968) 0.0% (1075.6K) 
Lutzow, Holm (]971) -l.Bo/c (10B3.2 K) 
Grjotheim, Holm, Lillebuen (1971) 1.86% {lOB3.l K} 
Dahl, Duke (1957) 1.23% (1147.1 K) 

'For further discussion of the electrical conductance of NaC! see section 3.1. 

-3.11% (I273K) 
-6.42% (l098 K) 

0.80')10 (l095 K) 
-1.79% (1197 K) 
-5.91 % (1173 K) 
-5.61 % (1223 K) 

1.12% (1223 K) 

-2.14% (1153 K) 

-1.800/0 (l166K) 
-6.310/c (1?63 K) 

-3.07% (lI73 K) 

-4.35% (1123 K) 
0.500/0 0123 K) 
0.99% (1083 K) 

-1.42% 0173 K) 

-1.46% (1123.16 K) 

-1.6B% (ll65.46 K) 
-1.360/0 (109B.16 K) 
-0.4810 (l073.1G K) 

0.29% (lIBO K) 
4.46% (1270 K) 
1.68% (1270 K) 

0.27% (1130 K) 
-4.550/0 0290 K) 
-1.17% (1200 K) 
-1.360/0 (lOBO K) 
-0.470/0 (l080 K) 

-15.93% (1088 K) 
-1l.36% (l273K) 

7.91 % (1123 K) 
-1.820/0 (l093 K) 
-6.62% (1083 K) 

-31.45% (1087 K) 

2.2% (1243.2 K) 
0.60/0 (1094.1 K) 
0.3% (1094.1 K) 
2.3% <1213.2 K) 
1.900/0 (1245.1 K) 
3.02% (1099.1 K) 

bAdditiona] oludics a.rc needed in order 10 c~tabli~h " H"bou ""culIlm~lIdation for this system (see sec·tion 3.3). 
<In light of the new data, the uncertainty estimate reported in Molten Salts Vol. 2 sbould be revised to ±10/0. On examination of the total 

number of investigations, it is seen that there is a cluster of results within close agreement, falling outside this limit and in which the detach. 
ment method is in agreement with the maximum bubble pressure method again within the limits of ±1%. When additional results are avail. 
able the reference base may have to be adjusted to somewhat higher values. 
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Reference 

186 
312 

210 
13 

131 
94 

117 
49 

142 
185 

98 
12 
17 

94 
103 
142 
195 
193 
101 

234 
250 

190 
312 

171 
300 

98 
59 

158 
124 
b7 

141 
71 

130 
103 
158 
133 
141 
98 

142 
171 

JANZ ET At. 

TARLE 87. Deviations from previous NSRDS recommendations: NdCh 

Authors Min. departure 

Conductance (NSRDS reference data base Voigt, Biltz (1924) [1], p. 9) 

Von Forthmann, Vogel, Schneider (1969) 
Cho, Kuroda (972) 

Agyriades (1954) 
Tarasova (1947) 
Prot senko (1967) 
Markov, Prisyazhnyii (1965) 
Sakai, Hayashi (1955) 
Bloom, Macky (1970) 
Bloom (1963) 
Easteal, Hodge (1969) 
Barzakovskii (1940) 
Sa~donnini (1920) 
Markov, Tarasenko (1958) 

Markov, Prisyazhnyi (1965) 
Bloom, Boyd, Wong (1966) 
Bloom (l%3) 

Markov, et a1. (1968) 
Lantratov, et a1. (1963) 
Hersh, Kleppa (1964) 

graphical 
17.95% (1170 K) 

graphical 
graphical 
graphical 

-0.430/0 (873.15 K) 
graphical 

-1.30% (890 K) 
-0.63% (773.15 K) 

1.22% (773.15 K) 
graphical 

graphical 
-0.060/0 (910.00 K) 

graphical 

0.05% (870 K) 
graphical 
graphical 

Surface [ens ion (NSRDS reference data base Duke, Dahl (1957) [2], p. (il) 

Boardman, Palmer, Heymann, (1954) 
Barzakovskii (1940) 

TABLE 89. Deviations from 

Conductance (NSRDS reference data base Voigt, 

Von Forthmann, Vogel, Schneider (1969) 
Cho, Kuroda (l972) 

TABLE 90. Deviations from 

graphical 
3.630/0 (773.15 K) 

13) 

Conductance' (NSRDS reference data base Van Artsdalen, Yaffe (1956) [1], p. 6) 

Emons, Brautigam (1970) graphical 
Fuller, Reilly (1967) graphical 
Zuca, Olteanu (1970) -1.66% (1070K) 
Chernov, Delimnrskii (1961) graphical 
Bogacz, Ziolek (l970) -0.250/0 (1010 K) 
Markov, Prisyazhnyii (1965) graphical 
Markov, Prisyazhnyii (1902) graphical 
Zuca, Olteanu (1968) 0.02% (1070 K) 
Fedorov, Chernov (1967) graphical 

Density (NSRDS reference data base Van Artsdalen, Yaffe (1956) [1], p. 6) 

Lillehuen (1961) 0.04% (1004 K) 
Bloom, Boyd, Laver (1966) 0.10% (1000 K) 
Bogacz, Ziolek (1970) -0.08% (1010 K) 
Grjotheim (1971) 0.04% (1004 K) 
Zuca, Olteanu (1968) 0.00/0 (llOOK) 
luca, Olteanu (1970) -0.02% (l080 K) 
Bloom (1963) graphical 
Emons, Brautigam, Vogt (1970) graphical 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

Max. departure 

25.81 % (l050 K) 

-0.98 (773.15 K) 

0.520/0 (823.15 K) 

-1.65% (810 K) 
-0.95% (873.15 K) 

0.11% (970K) 

11.88% (1120 K) 

-2.21 % (l090 K) 

-1.22% (1040 K) 

-0.57% (l090 K) 

0.140/0 (1112 K) 
0.41 % (1200 K) 

-0.13% (l030 K) 
0.14% (1112 K) 
0.14% (1140 K) 
0.15% (1200 K) 
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TABLE 90. Deviations from previous NSRDS reco~mendations: HbCI-Continued 
~'====~====================T=================r=~~===== 
IIrfcnmce Authors Min. departure Max. departuro 

124 
181 
280 

Density (NSRDS reference data base Van Artsdalen, Yaffe (1956) [1], p. 6)-Continued 

Markov, Prisyazhnyii (1965) 
Markov, Prisyazhnyii (1963) 
Vasu (1969) 

graphical 
graphical 

0.00/0 (1010 K) 

'The results reported by Zuea (1968, 1970) and Bogacz (1970) are in accord with the Van Artsdalen data base to ±l.O% up to 1100 K, 
1!l1I III higher temperatures the Zuea data faU uniformly below, the maximum percent departure being -30/0 at ...... 1190 K. 

."', 
IIdcrence 

119 
288 

128 

IIcference 

48 

81 

Reference 

221 
346 

131 
70 
68 
14 
12 

]95 
204 
219 

TABLE 91. Deviations from previous NSRDS recommendations: SnC!. 

Authors Min. departure 

Conductance (NSRDS reference data base Grantham, Yosim (1966) [IJ, p. 12) 

Rafalskii (1960) 
Sakai (I 954) 

-0.80'1'0 (623.15 K) 
-0.550/0 (662.3 K) 

Density (NSRDS reference data base Jaeger (917) (IJ, p. 12) 

Prikhod'ko (1970) 0.85'70 (600 K) 

TABLE 92. Deviations from previous NSRDS recommendations: SnCl. 

Authors Min. departure 

Den~hy (NSRDS lciclellCC J~l" La.", f'ugachcvlck, Nl.c!'.QU (1963) [1],1" 13) 

Toropov (1956) -0.17% (333 K) 

Viscosity (NSRDS reference data base Pugachevick, Nisel'son (1963) [1], p. 13) 

Ton,pov (19(;6) 1.22ro (313.15 K) 

TABLE 93. Deviations from 

TAll'LE 94. Deviations from 

Conductance (NSRDS reference data base Voigt, Biltz (1924) [1), p. 9) 

Yoshida, Ogamada, Kuroda (1968) I 0.00/0 0090K) 

TABLE 95. Deviations from previous NSRDS recommendations: TiCI. 

Authors Min. departure 

Viscosity (NSRDS reference data base Toropov (1952) [1], p.9) 

Sagawa (1933) -4.720/0 (293.l5K) 
Ruban, Isaeva (1966) outside temperature range 

of data base 

TABLE 96. De\'iations from 

Conductance (NSRDS reference data base Grantham, YQsim (966) [IJ, p. 12) 

Protsenko, Shatskaya (1967) 
Belyaev (1953) 
Lantratov, Moiseeva (1961) 
Protsenko, Popovskaya (1961) 
Sandonnini (1920) 

graphical 
-0.23% (723.16 K) 
-0.09% (723.16 K) 

2.00% (753.16 K) 
0.48'70 (873.16 K) 

Density (NSRDS reference data base Klemm (]926) [I], p.12) 

Max. departure 

1.370/0 (573.15 K) 
-8.10'70 (591.9 K) 

0.91'70 (550K) 

Max. departure 

8.97';lb (293.1(; K) 

-4.83% (1150 K) 

Max. departure 

-5.94% (298.15 K) 

2.2R% (74.'1.Hi K) 
-2.5% (743.16 K) 

3.090/0 (743.16 K) 

10.0% (773.16 K) 

Markov, Prisyazhnyii (l968) 
IIyasov, Barsegov (970) 
Buckle, Tsaoussoglou (972) 

0.0'1'0 <780 K) I -0.12% (720 K) 
graphical 

T out of range of data base 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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6. Binary Mixtures 

6.1. Discussions and NI./merical Values 

This section comprises a discussion of the investigated 
transport properties featuring references, composition and 
temperature rangp.~, pp.r,."nt rl"p"rtnre values, and experi

mental techniques. The melt preparation and purification 
section summarizes the procedures used in each investi. 
gation. Numerical tables of physical properties at rounded 
or experimental compositions and temperatures, together 
with temperature and composition.dependent equations, 
are given for the recommended studies. Phase diagrams 
for the binary mixtures are reported ao an /lid to the U5cr. 

U 
~ 

~ 
::l 

~ 
<l> .,. 
E 
~ 

AgCI-KCI 

AgCI-KCI 

700 

/ 
500 

300 a coo 0 0 0 0 00000 0 a 0 0 a 0 a 

() 

AgCl 
Mol % KCl 

80 100 
KCI 

FIGURE 2. Temperature·composition phase diagram for AgCl-KCl. 

S. F. Zhemchuzhnyi. Zhrfkho. clast' Khimicheskaya, Vol. 
38: 1052 (report), 1135 1966; lzv. Politekhnicheskogo 
Instituta, Vol. 6; 443, 1906; S. F. Zcmczuzng, Z. anorg. 
Chern .. 57, 2f.7 (1008) . 
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Melt Preparation and Purification 

Boardman et. al. r261 and Harrap and Heymann [35] 
used analytical reagent potassium chloride and prepared 
silver chloride from A. R. silver nitrate and hydrocbll)Tlc 
acid. After fusion of the silver chloride to a transparent 
solid, small· amounts of reduced silver could be detected 
if present. Mixtures were analyzed by leaching out the 
soluble salt with warm water or by dissolvinO" the melt in 
concentrated ammoni:l followp.d by precipit:tion of the 
silver chloride with nitric acid. Although photo-decompo. 
sition of the mixtures showed little effect on the resulting 
measurements, all operations were carried out in sub· 
dued light. 

Boardman et. al. [234] used salts that were either of 
A.R. purity or prepared from reagents of this purity and 
recrystallized. 

Ref. 

TABLE 97. Electrical conductance studies: AgCl-KCl 

Investigations critically re.examined 

KCI 
Mol '70 

Temp. range 
(T) Comment 

35 I 0-65.7 673-973 Cell material: TI.T.H..!":14 
glass; Pt electrode; freg. 
range - 3000 Hz; calibra
tion: IN KCI solution 

218 eutectic 860-1180 

Deviations from previous NSRDS recommendations' [1 p 101 . 
Ref. KCI Min. departure Max. departure Mol % 

35 0 -2.4% (978 K) -2.6% (873 K) 
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TABLE 98. AgCI·KCI: Specific conductance (ohm-1 cm-1 ) 

T 

680 
690 
700 
7]0 
720 
730 
740 
750 
760 
770 
780 
790 

800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
9]0 
920 
930 
940 
950 
960 
970 

Mol %KCl 

0.0 

20.9 
42.3 
53.2 
fi.~.7 

Mol percent KCl 

65.7 53.2 42.3 20.9 

2.333 
2.374 
2.415 
2.456 
2.495 

1.764 2.534 
1.802 2.572 
1.840 2.608 
1.876 2.645 
1.913 2.680 
1.948 2.714 
1.903 2.748 
2.017 2.781 
2.051 2.8l3. 
2.084 2.844 

1.866 2.116 2.874 
1.899 2.148 2.904 
1.931 2.179 2.933 
1.964 2.209 2.961 
1.QQS 2939 2.9M. 

2.027 2.268 3.014 
2.059 2.297 3.039 
2.090 2.324 3.064 
2.121 2.352 3.088 
2.152 2.378 3.111 

[2.010J 2.183 2.404 3.133 
[2.046] 2.2]4 2.429 3.154 
[2.082] 2.244 2.454 3.175 
[2.118J 2.274 2.478 3.194 
[2.153] 2.304 2.501 3.213 

Temperature·dependent equations 
K = a + bT + CT2 

a b· lO" c·l0· 

1.2820 9.7014 -3.9922 
-2.4446 9.8210 -4.1l16 
-2.7417 8.5052 -3.1959 
-1.5240 4.9048 -0.9880 

[_27535] [6.6100J [ 1.60001 

0.0 

3.731 
3.770 
3.809 
3.846 
3.883 
3.919 
3.954 

3.988 
4.022 
4.055 
4.086 
4.118 
4.148 
4.178 
4.206 

4.234 
4.261 
4.288 
4.313 
4.338 
4.362 
4.385 
4.408 
4.429 
4.450 

Stand. 
error 
of est. 

0.10ro 

0.20% 
0.19% 
0.02% 
0.00% 

These values are based on the work of Harrap and Heymann 
(classjcaJ ac technique) [35]. 

TABLE 99. Density studies: AgCI·KCI 

Investigations critically fe·examined 

Ref. KCl Temp. range 
Cell material Calibration Mol % (T) , 

26 0,19.4, 658-]0]8 Silica glass Molten AgNQ, 
32.0,52.2 dilatometer 

DeVlatlons from prevIous NSRDS recommendatlons: [1, p. 10] 

Ref. KCl Min. departure Max. departure Mol % 

26 0 0.82% (760K) -1.0% (900K) 

Comment: Boardman et aI. [26] applied corrections for the shape 
of the meniscus, buoyancy and expansion of the silica dilatometer. 
The authors state that the method cannot be used above 700-750·C 
due to chemical attack on the silica glass. A maximum error of 
±0.30% in the density values was reported. 

TABLE 100. AgCI·KCI: Density (g em-S) 

T 

660 
680 
700 
720 
740 
760 
780 
800 
820 
840 
860 
880 
900 
920 
940 
960 
980 

1000 

Mol percent KCl 

52.2 32.0 19.4 

3.630 
3.611 
3.591 
3.572 4.039 
3.553 4.020 
3.534 4.001 
3.515 3.912 
3.495 3.963 

3.476 3.944 
2.787 3.457 3.925 
2.770 3.438 3.906 
2.752 3.419 3.887 

2.734 

I 
3.399 3.868 

2.717 3.849 
2.699 3.830 
2.682 
2.664 
2.646 

Temperature-dependent equations 
p = a + bl' 

0 

4.804 
4.786 
4.767 

4.748 
4.729 
4.710 
4.692 

4.673 

These values are based on the work of Boadman et a1. (dilato
mculc melhod) [26]. 

TABLE 101. Viscosity studies: AgCI·KCl 

Investigations critically re·examined 

I KCI Temp. range 
Cell material Calibration Ref. Mol % (T) 

[3SJ i 0-61.9 673- 973 B.T.H.-C14 gla •• Molten KNO. 

Comment: Viscosity values for pure silver chloride in reference 
[35] are those recommended in [1]. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 



912 

T 61.9 

680 
690 
700 
710 
720 
730 
740 

750 
760 
770 
780 

790 
800 
810 
820 
830 
840 
850 
860 
870 
8BO [1.611 
890 [l.57J 
900 [1.531 
910 [1,49] 
920 I1.45J I 

930 11.41J 
940 [1.38J 
950 [1.34J 
960 [1.311 
970 [1.29J 

Mol % KCI a b'102 

0.0 6.4257 -0.2698 
19.4 22.7942 -5.7017 
32.1 
55.1 4.7309 0.4686 
61.9 [-94.81741 [32.6001] 

JANZ ET AL. 

TABLE 102. AgCI-KCl: Viscosity (cp) 

Mol percent KCI 

55.1 32.1 

3.01 
2.88 
2.77 
2.66 
2.55 
2.46 
2.37 

2.28 
2.20 
2.13 
20/i 

1.99 
1.93 
1.87 
1.82 

1.82 1.76 
1.77 1.71 
1.72 1.66 
1.68 1.62 
1.63 1.58 
1.58 1.54 
1.54 1.50 
1.50 1.46 
1.46 \ 1.42 
1.42 1.39 
1.38 1.36 
1.35 1.33 
1..31 1 • .:10 

1.28 1.27 
1.25 1.24 

Temperature-dependent equations 
"I = a+ bt+ cT2+ dTs 

1J = A' exp (EIRT) 

C· 105 d' 100 

-0.8623 6.2580 
5.1895 -16.4588 

-1.7793 9.5504 

I 
[-36.3272J I [133.3306J 

These values are based on the work ot Harrap and Heymann (capillary method) i351. 

19.4 0.0 

2.42 2.30 
2.35 2.24-

2.28 2.19 
2.21 2.14, 

2.15 2.09 
2.0il 2.04 
2.02 2.00 
1.97 1.95 
1.91 1.91 
1.86 1.87 
1.81 1.82 
1.76 1.78 
1.72 1.75 
1.67 1.71 
1.63 1.67 
1.59 1.64 
1.55 1.61 
1.52 1.57 
1.4\\ 1.55 

1.45 1.52 
1.41 1.49 
1.38 1.47 
1..35 1.45 

1.32 1.42 
1.29 1.41 

E Stand. 
A'101 

(cal mol- 1 ) 
eITor 
of est. 

0.12% 
0.31% 

1.556 4003 0.85% 
I 0.30% 
I 0.00% 

TABLE 103. Surface tension studies: TABl.E 104. AgCI-KCl: Surface tension (dyn cm- 1 ) 

Investigations critically re-examined 

Ref .. K(.1 '!'cmp. range Cell material Calibration 
i 

Mol % (T) 

2341 0-100 (g) 873,973 Capillaries of Water 
B.T.H.-C46 glass 

Comment: Surface tcn!'ion values for pure KCl in reference [234] 
were obtained by extrapolation. Capillary calibration was performed 
after each series of measurements. Reported uneertainty in results 
was ±l%. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

Mol o/a KCI 873K 973K 

0 169 164-
10 148 143 
20 138 131 
30 131 124 
40 125 117 
50 120 112 
60 116 109 
70 114 106 
80 113 104 
90 III 103 

100 109 102 

These values have been interpolated to three' significant figures 
from the graphical presentation of Boardman, Palmer and Heymann 
(maximum bubble pressure method) 1234]. 
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FIGURE 3. Temperature·composition phase diagram for AgCl·PhO •. 

K. Treis, Neues Jahrh. Mineral., Geol. Paleontol., ABH. 
37, 766-818 (1914). 

Melt Preparation and Purification 

Harrap and Heymann [35] and Boardman et a1. [26] 
used analytical reagent grade ,salts and analyzed the mix
tures by dissolving the soluble salts in hot water. Prots;enko 

and Shatskaya [131] prepared the chloride salts using 
the nitrates and hydrochloric acid as starting materials. 
The salts were dehydrated under vacuum at a temperature 
of 160°C. 

Boardman et a1. [234] used salts that were either of 
A.R. purity or prepared from reagents of this purity and 
recrystallized. 

TABLE 105. Electrical conductance studies: AgCI.PbCI. 

Investie:ations criticallv re.examined 

Ref. PbCi. Temp. range Comments Mol 0/0 (T) 

35 0-100 625-973 Cell material: B.T.H.·CI4 
gla55; Pt c1eclru,]","; b "''1' 

range: - 3000 Hz; calibra-
i tion: IN KCI solution 

60 0-100 (g) 

131 0-100 (g) I 593-773 Calibration: molten KNOa 

218 eutectic (g) 860-1180 

Deviations from previous NSRDS recommendations: [1, pp. 10,13] 

Ref. PbCI. Min. departure Max. departure Mol 0/0 
35 100 -0.240/0 (923 K) -0.420/0 (873 K) 

35 0 -2.40/0 (978K) -2.60/0 (873K) 

TABLE 106. AgCI·PbC),: Specific conductance (ohm-1 em-l) 

T 100.0 

640 
660 
680 
700 
720 
740 
760 
780 1.469 

800 1.572 
820 1.672 
840 1.768 
060 1.062 

880 1.952 
900 2.039 
920 

J 
2.123 

940 2.204 
960 2.282 

Mol percent PbCI. 

SO.3 59.8 40.2 

1.478 , 

1.595 
1.317 1.708 
1.428 1.817 
1.535 1.923 

1.413 1.641 2.025 
1.519 1.743 2.124 
1.623 1.043 2.219 

1.724 1.941 2.310 
1.823 2.036 2.398 
1.920 2.128 2.482 
2.01£; 2.217 2.563 

2.107 2.304 2.639 
2.197 2.389 2.713 
2.284 .2.470 2.782 
2.369 2.848 
2.452 i 2.911 

Temperature·dependent equallons 
K=a+bT+cT2 

13.8 0.0 

2.662 
2.765 
2.863 
2.957 3.770 
3.046 3.846 
3.131 3.919 

3.211 3.988 
3.288 4.055 
3.359 

I 
4.118 

3.4-26 4.177 

3.489 4.234 
3.548 4.288 
3.602 4.338 
3.651 4.385 
3.697 4.429 

Stand. 
Mol % PbC]' a b· ]OS c'106 error 

of est. 

0.0 -1.2873 9.7951 -4.0009 0.120/0 
13.8 -3.4571 12.7549 -5.5241 O.l!5% 

40.2 -4.1630 11.7052 -4.5173 0.290/0 
59.8 -3.9942 10.0327 I -3.2676 0.360/0 
80.3 -4.1558 9.6828 

I 
-2.9161 0.230/0 

100.0 -5.0026 li,1Itl7:J -3.93tO 0.28,),"0 

These values are based on the work of Harrap and Heymann 
(classical ac technique [35]. 

nd. 

26 

TABLE 107. Density studies: I'\l'.l.'-Jrm.l< 

Investigations critically re·examined 

PbCI. 
Mol 0/0 

0-100. 

CaHbrntion 

Molten AgNOs 

Deviations from previous NSRDS recommendations: [1, p. 10] 

Ref. I 

26 

Pha. 
Mol 0/<; 

o 

Min. departure Max. departure 

-0.820/0 (760 K) -1.0% (900K) 

Comment: Boardman [26] applied corrections for the shape of 
the meniscus, buoyancy and expansion of the silica dilatometer. 
The authors report a maximum error in their density values of 
±0.10%. 

A two dimensional regression analysis was successfully applied to 
the data of 126]. Density values for pure lead chloride in reference 
[26] are those recommended in [1]. 

J. Phys. Chem. Ref. Dato, Vol. 4, No.4, 1975 
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T 

675 
690 
705 
720 
735 
750 
765 
780 
795 

810 
825 
340 

855 

870 
885 
900 
915 
930 . 945 
960 
975 

el 

100 90 

4.906 4.905 
4.885 4.884 
4.863 4.862 
4.842 4.841 
4.820 4.819 
4.799 4.798 
4.777 4.777 
4.756 4.755 

4.734 4.734 
4.713 4.712 
4.691 4.691 
4.670 ! 4.669 
4.648 4.648 

I, 
b'103 

, 

I 

80 

4.901 
4.880 
4.859 
4.837 

4.816 
4.795 
4.774 
4.753 

4.732 
4.710 
4.689 
4.668 

i 

JANZ ET AL. 

T ABLE lOa. AgCi.PbQ,: Density (g em -3) 

70 

4.936 
4.915 
4.894 

4.873 
4.853 
4.832 
4.811 

4.790 I 
4.770 
4.749 

4.728 
4.707 

4.686 

Mol percent PbC]' 

60 I 

4.986 

4.%6 
4.946 

4.925 
4.905 

4.885 
4.865 
4.844 

\ 4.a24 

4.804 ! 
4.784 
4.763 
4.743 

4.723 
4.703 
4.683 

50 

5.009 

4.990 
4.970 
4.951 
4.931 

4.912 
4.892 

4.873 
4.853 
4.834 
4.814 

4.795 
4.775 
4.756 
4.730 

4.717 
4.697 
4.678 
4.660 

" 

40 

5.007 
I 4.988 

4.970 
4.951 
4.932 

4.914-

4·.895 
4.876 

4.858 
4.839 
4.821 
4.802 
4.783 
4.765 
4.746 
4.727 

4.709 
4.690 
4.672 
4..6C3 

30 

4.946 
4.928 

4.911 
4.893 

4.875 
4.858 

4.840 
4.823 
4.805 
4.788 
4.770 
4.752 
4.735 
4.717 

4.700 
4.682 
4.664 
4.647 

Two·dimensional equation and statistical j}aramelen 
p a + bT + c(;2 + dTC2 

20 

I 

4.853 
4.a36 

4.820 
4.804 
4.787 
4.771 
4.755 
4.738 
4.722 
'}.705 

4.689 
4.673 

C· 10" d' lOS Max. percent cleparture 

10 0 

4.827 4.799 
4.812 4.785 

4.797 
I 

4.772 
4.782 4.758 
4.767 4.744 
4.752 4.731 
4.737 4.717 
4.722 4.704 
4.707 4.690 
4.092 4.677 

\ 

Stand. 
error 

of est. 

40.5 

5.008 
4.989 

4.971 
4.952 
4.933 
4.91" 
4.896 
4.87 { 

4.85 
4.84 

9 

o 
4.82-
4.00' ;; 

4 
5 
7 
8 
9 
1 

4.78 
4.76 
4.74 
4.72 

4.70 
4.69 

4.672 
4.653 

6.04622 

I 
-1.43371 I -5.58698 5.33057 -0.27% (789.2 K, 0.08% 

o mol % Agel) 
I 

These values are based on the work of Boardman et a1. (dilatometric method) [26]. C = mol % AgCl. 

T 

660 
670 
680 
690 
700 

710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 

860 
870 
880 

890 
900 
910 
920 
930 

940 

TABLE 109. AgCl·PbCl,: Density (g cm -3) 

100 80.6 

4.927 
4.912 4.896 
4.897 4.882 
4.882 4.867 
4.867 4.852 
4.852 4.838 
4.837 4.824 
4.822 4.809 
4.807 4.795 
4.792 4.780 
4.777 4.766 
4.762 4.751 
4.747 4.737 
4.732 4.722 
4.717 4.708 
4.702 I 4.693 

Mol percent PbC], 

70.9 61.1 53.4 42.6 20.3 0 

I 
\ 

5.032 \ 
5.020 ! 

5.007 i 
4.995 
4.982 
4.969 4.915 

4.983 4.971 4.957 4.904 
4.970 4.959 ' 4.944 4.894 
4.956 4.946 4.932 4.883 

4.957 4.943 4.933 4.919 4.872 
4.943 4.930 4.920 4.906 4.861 4.804 
4.929 4.916 4.907 4.894 4.850 4.795 
4.914 4.903 4.895 4.881 4.840 4.786 
4.900 4.889 4.882 4.869 4.829 4.776 
4.886 4.876 4.869 4.856 4.818 4.767 
4.872 4.863 4.856 4.843 ! 4.807 4.757 
4.858 4.849 4.843 4.831 : 4.796 4.748 
4.843 4.836 4.831 4.818 4.786 4.739 
4.829 4.822 4.818 4.806 4.775 4.729 
4.815 4.809 4.805 4.793 4.764 4.720 

.801 7 7 4 4. 96 4. 92 4.780 4.753 4.710 
4.787 4.782 4.779 4.768 4.742 4.701 

4.772 4.769 4.767 4.755 4.732 4.692 
4.758 4.755 4.754 4.743 4.721. 4.682 
4.744 4·.742 4.741 4.730 4.710 4.673 
4.730 4.729 4.728 4.717 4.699 
4.716 4.715 4.715 4.705 4.688 

4.701 4.702 4.703 4.692 4·.678 
4.687 I 4.688 4.690 4.680! 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

TABLE 109. AgC].PbC]': Density (g em -a)-Continued 

1\101 percent PbC], 

T 100 80.6 70.9 61.1 53.4 42.6 20.3 JO 
950 4.687 4.679 4.673 4.677 4.667 I 960 4.672 4.664 4.654 
970 4.657 4.649 4.642 

\ 980 4.642 

Temperature·dependent equations 
p = a":" bT 

Mol % PbCI, a b. lOa 

0 5.519 -0.94 
20.3 5.682 -1.08 
42.6 5.864 -1.26 
53.4 5.893 -1.28 
61.1 5.948 -1.34 
70.9 6.022 -1.42 
80.6 6.056 -1.45 

100 6.112 -1.50 

These values are based on the work of Boardman et a1. (dilato
metric method) [26]. 

TABLE 110. Vi.co.ily ,ludic>; AgCI·PI,Cb 

I..oUllll!J<·Ut: Viscosity values for pure silver and lead chloride in 
[35] are those recommended in [1]. 
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TABLE 111. 

Mol percent PbCl. 

T 100.0 82.6 62.0 

640 

I 
660 
680 
700 
720 
740 4.16 
760 .U2 
780 4.41 3.98 3.34 
800 3.98 3.60 3.03 
820 3.60 3.26 2.77 
840 3.25 2.96 2.56 
860 2.94 2.71 2.39 
880 2.67 2.49 2.26 
900 . 2.44 2.32 2.14 
920 2.24 2.18 2.05 
940 2.07 2.08 1.96 
960 1.94 2.01 1.87 

Temperature·dependent equations 
"I a + bT + cT2 + <iTa 

17 = A • exp (E/RT) 

Mol % PbO. a b· 102 c· 10~ d·109 

0.0 
19.8 25.4141 -5.4678 3.7119 -6.1965 
39.2 108.1142 -34.0837 36.8787 -134.5024 
62.0 142.2340 -43.S257 16.0S0S --163.1201 
82.6 64.3575 -14.8354 10.8596 -22.6128 

100.0 55.5502 -11.4857 7.0618 -9.5258 

These values are based on the work of Harrap and Heymann (capiIIary method) [35]. 

TABLE 112. Surface tension studies: <\.grl.PhrJ. 

critically re·examined 

Ref. 

234 

PbCI. 
Mol 0/0 

0-100 (g) 

Temp. range 
(T) 

'773,873 

Comment: A brief discussion of reference [234] is given under 
the system AgO·KCI. 

TABLE 113. AgO·PbO.: Surface tension (dyn cm-1 ) 

Mol % PbCh 773.K 873K 

0 175 171 
10 166 161 
20 159 153 
30 154 146 
40 149 141 
50 146 137 
60 143 134 
70 141 132 
80 139 130 
90 138 128 

100 137 127 

u 600 
l!,.. 

~ 
:::J 

'0 " .. 400 ., 
E 
(!!. 

200 

0 
Agel 

39.2 19.8 0.0 

5.77 
5.14 
4.58 3.45 
4.10 3.20 
3.69 2.98 
3.34 2.77 2.24 
.~o;. 2.M 2.13 
2.80 2.41 2.03 
2.60 2.26 1.94 
2.44 2.12 1.85 
'2.31 2.00 1.78 
2.20 1.90 1.70 
2.11 1.82 1.64 
2.03 1.75 1.58 
1.95 1.70 1.53 
1.87 1.67 1.48 
1.79 1.65 1.43 

E Stand. 
A • 10 (cal mol-1) 

error 
of est. 

3.128 2897 I 0.85% , 
0.44% 
3.34% 
1.87% 
1.18% 
0.44% 

AgCI-TICI 

AgCI-TICI 

20 40 60 80 100 
TICI 

Mol % TICI 

These values have been interpolated to three significant figures 
from the graphical presentation of Boardman, Palmer and Heymann 
(maximum bubble pressure method) [234]. 

FIGURE 4. Temperature·composition phase diagram for AgO·TIO. 

Carlo Sandonnini, Gazz. Chim. Ital., 44, I, 290-386 
(1914) . 

J. Phys. Chem. Ref. DatCJ, Vol. 4, No.4, 1975 
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Melt Preparation and Purification 

Protsenko and Shatskaya [131] prepared the chloride 
salts from the corresponding nitrates and hydrochloric 
acid. They were dried under vacuum at a pressure of 5 
torr and at a temperature of 160°C. 

Ref. 

12 

131 

TABLE 114. Electrical conductance studies: AgCl.TICl 

Investigations critically re-examined 

TICI 
Mol % 

0,15.3,30, 
50,70, 
100 

Temp. range Comments 
(T) 

773-973 Cell material: silica and quartz 
V-lubes; PI electrodes; calibratIon: 
IN KCl solution 

Pt electrodes; calibration: 
molten KNQ, 

10,12] 

TABLE 115. Agel·TICI: Specific conductance (ohm-1 em-I) 

Mol percent TJCl 

T 100.00 70.00 50.00 30.00 15.30 0.00 

773.2 1.215 1.470 1.771 2.260 2.925 3.653 
873.2 ].702 
973..2 1.951 

Comment: Due to limited data the experimental values are given. 
These values are based on the work of Sandonnini (classicaIac 
technique) [12]. 

AICb-BiCb 
250r-----,------.------.-----~----_, 

238 

1/ \ 
I \ 

f' 200 / \ 
"'.- __ ",,19:..4!..--...J,.\ 

Q) ... 
:l 

"0 ... 
Q) 
Q. 160 
E 1:=-_-'-"15.;:;.2 ____ -t-_____________ _ 
~ 150 

100~----~----~--~--~----~----~ 
o 20 40 60 80 

A1CI3 Mol % BiCI 3 

FIGURE 5. Temperature·composition phase diagram fOf AICI,.BiCI,. 

B. J. Korshurov, N. 1. Kaloev, L.A. Niselson and O. R. 
C avril ov, Zh. Ncarg. Khim., 13, 19&6 (1960). 
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Melt Preparation and Purification 

The aluminum chloride [90J was prepared from high 
purity aluminum metal and hydrogen chloride gas. The 
latter was pl'<lduced by allowing NaCI to react with H2S04, 

after which the gas was then deoxidized by passage over 
copper at 350°C and dehydrated over Mg(CI04 h The 
aluminum metal was placed in a pure AhOn boat in a 
quartz tube at a temperature slightly above its melting 
point of 660°C. The vaporizpd alnm;nllm rhlaride was 
passed through a sintered disk prior to condensation. 

The bismuth chloride was formed from the reaction of 
~one-refined, 99.9999% bismuth metal with chlorine gas 
followed by several distillations. 

TABLE 115. Density studies: AlCI.-BiCI, 

critically 

Ref. BiD, Temp. range Cell material Calibration' 
Mol 0/0 (T) 

90 0,111,65, 4111 752 Quartz float Water 

80,100 , 

Deviations from previous NSRDS recommendations: [I, pp. 11, 13J 

Ref. 

90 

90 

BiCl. I Mol 'Yo Min. departure 

100 

o 
0.140/0 (700 K) 

2.2% (490 K) 

Max. d.epartur'l 

0.21 % (740 K) 

3.60/0 (480 K) 

'The float method [90] involves measuring the temperature at 
which quartz floats of known density neither fall nor rise in the 
liquid under study. Platinum wire was sealed into floats for cases 
where the liquid density was greater than that of quartz. Boston 
reported that the standard deviations for the least squares fit varied 
from 0.8 X 1O-a g cm- 3 to 3.8 X 10-3 g cm-3 for 0.0 and 35.0 
mol % AICl" respectively. 

TABLE 117. 

T ]00.0 

450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
64{) 
obQ 

660 
670 
680 
(j9Q 3.491 

AlCI.-BiOs: Density (g em-a) 

Mol percent BiCJ, 

80.0 65.0 40.0 

2.499 
2.484 

3.090 2.470 
3.444 3.073 2.456 
3.425 3.056 2.441 
3.406 3.039 2.427 
3.387 3.022 2.413 
3.368 3.005 2.398 
3.349 3.988 2.384 
3.330 2.971 2.370 
3.311 2.954 , 2.356 

2.936 
2.919 
2.902 
2.885 
2.868 
2.851 
2.834 
2.817 
2.800 
2:183 
2.765 
2.748 

0.0 

1.253 
1.229 
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TABLE 117. AlGb-BiCI.: Density (g em-a)-Continued 

'Mol percent BiCl. 

T 100.0 80.0 65.0 40.0 

700 3.468 
710 3.445 
720 3.423 
730 

3400 \ 740 3.378 
750 3.355 

Tpmp ...... ture_dependent equation. 

:Mol % BiG!. 

0.0 
40.0 
65.0 
80.0 

100.0 

p=a+bT 

a 

2.371 
3.142 
3.894 
4.356 
5.050 

-2.33 
-1.43 
-1.71 
-1.90 
-2.26 

0.0 

These values are based on the work of Boston (flotation method) 
[90]. 

800 

G 
.g.,.. 600 
~ 
:::J 
;; 

Q.; 
0. 

E 400 
~ 

200 

20 

AICi3-KCI 

257 

40 60 

Mol % KCI 

770 

80 100 
KCI 

FmURE 6. Temperature'composition phase diagram for AlC1-KCl. 

V. 1. Shvartsman, Zapiski Inst. Khim. Akad. Nauk 
U.S.S.R., 7, [1], 3-9 (1940). 

Melt Preparation and Purification 

Moss [112J used CP reagent grade potassium chloride 
which was dried by fusion before use; the preparation of 
aluminum chloride is described under the AICla-LiCl 
system. 

Morrey and Carter [92] used Baker and Adamson 
"special reagfmt gr:,de" "nd CP "reagent anhydrous 
grade" for KCl and AICla, respectively. The KCl was dried 
by passing first chlorine then dry argon through the melt, 
after which it was stored in a dry box prior to use. The 
AICIg was sublimed at about 170 cC under a pressure of 
about 15 mm of dry argon. The AlCh-KCl mixtures when 

. melted often produced a black, carbonaceous precipitate 
which was thought to result from the decomposition of 

organiC impurities. However, clear solutions were obtained 
after digesting the precipitate at 500°C followed by filtra
tion through a fine quartz frit. 

Yamaguti and Sisido's [42J purification of AlC1a is 
described for the AlCIa-LiCl system. 

0ye and Gruen [134] prepared their AlCh from analyti
cal grade aluminum wire and dry hydrogen chloride gas. 
In order to avoid traces of moisture their quartz reaction 
vessel was outgassed at 600°C under a pressure of less 
IIlIm 10 .. 5 mm fur several hours. 

The preparation of pure AICla described by Boston 
et al. [175J is discussed under the system AlCIs-BiClg• 

Reagent grade KCI was purified by bubbling first HCI and 
then argon gas through the melt, followed by filtration of 
the molten salt through a pyrex fritted disk. The AlCla-KCl 
mixtures were prepared by weighing the salts into conduc
tivity cells in a dry box under high purity argon. 

TABLE 111l. Electrical conductance studies: AlCl.·KCl 

critically re~examined 

Ref. KGI Temp. range Comments Mol % (T) 

27 51.7,60.7 773-1073 Cdl 11lI1Lc::dI11; quartz; Pt 
63.8 (g) electrodes; calibration: molten 

KNO, and NaNO, 

42 19.4-49.3 468-578 Cell material: glass; Pt 
electrodes; freq: 8000 Hz; 
calibration: IN KCI solution 

102 53-65 (g) 973 Cell material: quartz; Pt 
electrodes; calibration: molten 
KNO, and NaNO. 

112 25,30, 35, 40 448-498 Cell material: silica; Pt 
electrodes 

115 
I 
29.2,31.2 410-550 Cell material: Pyrex; freq. 
32.1,37.1 range: -600-900 Hz; calibra-

tion: IN KCl solution 

175' 20-87 (g) 453-1353 Cell material: quartz; W 
electrodes; calibration: 
redistilled Hg and standard 
KCI solutions; freq. range: 
1000-5000 Hz 

'Boston et a!. [175] used a conductivity cell deSigned for meas· 
urements involving very volatile melts. The tungsten electrodes were 
found to be inert to AICIa·KCl mixtures even at temperatures of 
1000 'c. In the case of one mixture (70 mole % Ale]'), an external 
pressure was applied to the conducth'ity cell to prevent cell rupture. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 119. AlCl,·KC!: Specific conductance (ohm- 1 cm-1 ) 

T I 49.35 

470 I 

480 
490 
500 
510 
520 
530 0.3623 
540 0.3842 
550 0.4061 
560 0.4280 
570 0.4499 

Mol % KCl 

]9.4 
19.75 
20.00 

30.75 
39.45 
49.35 

Mo! percent KC] 

39.45 30.75 28.80 19.75 

0.1544 0.1056 
0.2122 0.1746 0.1660 0.1123 
0.2276 0.1867 0.1775 0.1191 
0.2430 0.1988 0.1889 0.1258 
0.2584 0.2110 0.2002 0.1325 
0.2738 0.2234 0.2114 0.1393 
0.2892 0.2358 0.2225 0.1460 
0.3046 0.2483 0.2335 0.1527 
0.3200 0.2609 0.1595 
0.3354 0.2736 0.1662 

0.2864 

Temperature.dependent equations 
K=a+ bT+cT2 

a b. 103 c'106 

-0.0842 0.1364 0.5637 I 

-0.2107 0.6730 0 i 

-0.·1906 1.61J5 -0.4000 

-0.2948 0.7560 0.4625 
-0.5271 1.5402 0 
-0.7979 2.1891 0 

19.4 

0.1044 
0.1111 
0.1180 
0.1249 
0.1320 
0.1391 
0.1464 
0.1538 
0.1613 

Stand. 
error 
of est. 

0.500/0' 
0.740/0 
0.21% 

0.52% 
1.18% 
0.740/0 

, , 
1 hese values are based on the work of Yamagutl and Sisido (clas. 

sical ac technique) [42]. The values in table 120, which cover a 
wider temperature and composition range, have been interpolated to 
three significant figures from the graphical presentation of Boston 
et a!. [173]. 

TABLE 120. AICI.·KCl: Specific conductance (ohm-1 crn-1 ) 

Mo! % KCl 873K 973 K 1073K 1173K 1273K 

0 <0.1 
10 0.23 
20 0.43 
30 0.63 
40 0.83 0.87 0.93 
50 0.93 1.00 1.08 1.13 1.17 
60 0.78 0.91 0.97 1.07 1.13 
70 0.82 0.95 1.05 1.15 1.23 
80 0.95 1.13 1.25 1.37 1.46 
90 i 1.20 1.43 1.64 1.75 2,25 

100 i 1.73 1.94 2.24 2.43 2,67 

These values have been interpolated to a maximum of three sig
nificant figures from the graphical presentation of Boston et aI, 
(classical ac technique) [175]. 
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TABLE 121. Density studies: AlCI,-KCI 

Investigations critically re·examined 

Ref. KCI Temp. range Comments 
Mol 0/0 (T) 

27 25,51.8 773-1073 Cell material; glass dilatome-
64.9,100 ter; calibration: eutectic 

mixture of KCI and LiCl 

42 50 532-623 Cell material: glass dilatometer 

92 20.0,33.3, 461-1051 Cell material: quartz float; 
50,3,66.7 calibration: water 

112 25, 30, 35, 40 : 448-498 Cell material: glass dilatome-

! 

ter; calibration: purified Hg 

134 40.6,50.0 573 

188 33-42 423-558 Cell material: Pt oval vessel 
and Pt suspension wire, melt 
contained in Pyrex cylinder; 
calibration: water 

TABLE 122. Ala.·KCI: Density (g em-a) 

Mol percent 

T 66.66 50.03 , 33,33 20,00 

480 1 1.543 
500 1.594 1.523 
520 1.578 1.503 
540 1.562 1.483 
560 1.547 
580 1.531 
600 1.515 
620 1.499 
640 1.483 
660 1.468 
680 1.452 
700 1.436 
720 1.420 
740 1,466 1.404 
760 1.452 1.389 
780 1.439 1.373 
800 1.426 
820 1.413 
840 1.399 
860 1.386 
880 1.373 
900 1.360 
920 1.346 
940 1.333 
960 1.388 1.320 
980 1.376 1.307 

1000 1.363 1.293 
1020 1.351 1.280 
10~.o 1.339 1.267 

Temperature-dependent equations 
p=a+ bT 

Stand, 
Mol%K<...l a b' !O' error 

of est. 

20.00 2.0252 -1.0038 0.110/0 
33.33 1.9889 -0,7901 0.140/0 
50.03 1.9556 -0.6622 0.050/0 
66.66 1.9734 -0.6101 (),02% 

These values are based on the work of Carter and Morrey (flota
tion method) [92]. 
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FIGURE 7. Temperature·composition phase diagram for AICL,.LiCl. 

J. Kendal. E. D. Crittenden. and H. K. Miller • .1. Amer. 
Chern. Soc., 45, %3 (923). 

Melt Prepar~1ion and Purification 

Moss [112] used C.P. reagent grade lithium chloride 
and Fisher "Certified Reagent" aluminum chloride as 
starting materials. The LiCI was dried by fusion and 
subsequently ground to a fine powder in a dry box. The 
AICls was distilled from a mixture of AICla and NaCl, 
after wbich it was stored in a dry box. 

Yamaguti and Sisido [42] purified their aluminum 
chlo:i-ide by heating a mixture of Alelg, NaCI and alumi· 
num powder first to 100°C to remove moisture and then 
to higher temperatures to sublime the AICIa. Cool dry air 
was introduced through CaCb and P205 to the sublimed 
vapor, and the anhydrous AICla was collected as a white 
powder. 

TABLE 123. Electrical conductance studies: AlCI.·LiCl 

Investigations critically re·examined 

Ref. LiGl Temp. range Comments Mol % (T) 

42 50 523 Cell material: glass; Pt 
electrodes; freq. range: 

, 
,...8000 Hz; calibration: IN 
KC] solution 

102 67-95 (g) 973 Cell material: quartz; Pt 
electrodes; calibration: molten 
KNO. and NaNO. 

112 25, 30, 35, 40, 448-498 Cell material: silica; Pt 
45 electrodes 

TABLE 124. AlCI.·LiCl: Specific conductance (ohm -1 em-I) 

Mol percent 

T 45.0 40.0 35.0 30.0 25.0' 

448.2 0.271 0.220 0.173 0.132 0.103 
473.2 0.317 0.258 0.203 0.153 0.118 
498.2 0,362 0.296 0.230 0.174 0.133 

These values are based on the work (If Moss (classical ac tech. 
nique) [112). Due to limited data, experimental results are given. 

Ref. 

42 

112 

T 

450 
455 
460 
465 
470 
475 
480 
485 
490 
495 

T ADLE 125. Dcn~ity studio.: Al Cla·Li'Cl 

Investigations critically re·examined 

LiC) Temp. range Comments Mol % (T) 

50 523-623 Cell material: glass 
dilatometer 

25, 30, 35, 40, 448-498 Cell material: glass 
4s dilatometer; calibration: 

purified mercury 

TABLE 126. AICI.·LiCl: 

45.0 

1.617 
1.613 
1.610 
1.607 
1.603 
1.600 
1.596 
1.593 
1.590 
1.586 

Mol percent LiCl 

40.0 35.0 30.0 
-"--
1.614 1.611 1.609 
1.610 1.606 1.605 
1.606 1.602 1.600 
1.602 1.598 1.596 
1.598 1.594 1.591 
1.594 1.590 1.587 
1.590 1.585 1.582 
1.586 1.581 1.578 
1.582 1.577 1.573 
1.578 1.573 1.569 

Temperature·dependent equations 
(J a+hT 

25.0 

1.599 
1.595 
1.591 
1.587 
1.583 
1.579 
1.575 
1.571 
1.567 
1.563 

Stand. 
Mol % LiCI a b • l()S error 

of est. 

25.0 1.!>SS9 -0.0000 0.04'70 
30.0 2.0142 ~0.9000 0.02% 
35.0 1.9885 -0.8400 ().oo% 
40.0 1.9742 -0.7999 0.07% 
45.0 1.9228 -0.6800 0.00% 

These values are based on the work of Moss (pycnometric 
method) [112J. 

J. Phys. Cham. Ref. Data, Vol. 4, No. ·4, 1975 
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Y. 1. Shvartsrnan, Zapysky Instytutu Khirniyi U.S.S.R., 
Yol. 7:1 1940; abbreviated version: Zh. Fiz. Khim., Vol. 
14:253, 1940. 

Melt Preparation and Purification 

Kryagova [16, 32, 45, 157] prepared AIClg by two 
methods: (a) distillation of impure technical AICla, and 
(h) chlorination of metallic aluminum shavings. Industrial 
grade AICla was placed in a lest tube containinll; Al filinll;s, 
sealed and heated to about 5-10 °C above the fusion 
temperature. The test tube was shaken gently and kept at 
200°C for several hours, after which any iron impurities 
prc~cnt I!!ettled to the bvlLulil' IJI LIlt: lu1t:. With Lhe test 

tube partially removed from the furnace, the snow·white 
crystals of AICIa condensed on the cold surface. Multiple 
distillations were sometimes necessary to remove final 
traces of iron. The second method involved reacting AI 
shavings or powder with a dry stream of CI2 or HCI gas 
at 650-700 °C. The yellow powder obtained was purified 
by the distillation method described above. 

Plotnikov [51J used pure, commercial materials and 
purification involved recrystallization of the NaCl and 
sublimation of AICla over hot Al filings in an atmosphere 
of CO2• Qualitative analysis showed the absence of Ca, 
Mn, Fe and sulfates. 

Boston [110] used reagent grade sodium chloride 
wltich WaS purified by passing first argon then anhydrous 
HCI through the melt at 300 °C in a quartz apparatus. The 
salt was then filtered through a fine fritted disk into 
narrow glass tubes which were later sealed off under 
vacuum. Boston's [110J preparation of AICla is given 
under the AICI3·BiCh system. 

Moss [112] used CP reagent grade NaCI which was 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

dried by fusion and stored in a dry box. The preparation 
of AICI3 for references [112], [42] and [50] is given 
under the AICb·LiCI system. 

Howie and Macmillan [164] used analytical grade NaCI 
which was oven dried at 550°C for 6 hours and stored in 
a desiccator. Commercial grade AlCIa was sublimed. 

Yamaguchi and Sisido [50] mixed pulverized AlCla 
with 5% NaCI and Al powder. After drying at 100°C the 
mixture was strongly heated and the sublimed vapor was 
cooled with dry air. Some impurities remained after 
sublimation since the molten AICls·NaCI appeared grayish 
in color. 

TABLE 127. Electrical conductance studies: AlCl,·NaCl 

Investigations critically 

Ref. NaCl Temp. range Comments 
Mol % (T) 

16 0,32.6-49.7 463-543 Cell material: Mo glass; Pt 
electrodes; calibration: IN 
KGl and KI solutions and 
molten KNO, 

50 18.9-50.0 41S-545 Cell material: glass tube; Pt 
electrodes; freq. range: 8000 
Hz; calibration: IN KCl 

solutions 

51 0, 30.4, 41.8 397-573 

112 20.0 17.5 448-498 Cell material: eHiea gle •• ; Pt 

electrodes 

115 29.9-47.7 401-475 Cell material: Pyrex glass; 
freq. range 600-900 Hz; 
calibration: IN KGl solutions 

164 28.7-49.4 428-468 Cell material: Pyrex glass; Pt 
electrodes; calibration: IN 
KCl oolutiono 

Companson with NSRDS recommendations [this volume] 

Ref. NaC! Mol 0/0 :\fin. departure Max. departure 

112 30.9 13.7% (498K) 

115 30.9 -11.5% (465K) -13.3% (443 K) 
164 30.9 - 4.3% (443K) - 9.4% (453 K) 
164 42.2 0.65% (459 K) 
164 49.2 6.1% (463K) 

Comment: Yamaguti and Sisido [50] reported an error of less 
than I % for their conductance measurements. Howie and MacMillan 
[164] gave ±1% for reproducibility of results. In the latter refer. 
ence the apparatus was designed to both minimize evaporation of 
AlCl, and also allow for slight losses when changes in melt composi. 
tion were desired. 
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TABLE 128. AID3·NaO: Specific conductance (ohm-1 cm-1 ) 

Mol percent NaCl 

T 50.0 

420 I 
430 : 
440 
450 

.460 0.462 
470 0.490 
480 0.517 
490 0.544 
500 0.572 
510 0.599 
520 0.626 
530 0.654 
540 0.681 

49.2 42.2 31.0 30.9 

0.160 
0.167 
0.176 
0.186 0.197 

0.453 0.309 0.197 0.211 
0.477 0.329 0.208 r 0.224 
0.501 0.313 0.221 i 0.238 
0.525 0.368 0.234 ! 0.252 
0.549 0.387 0.249 i 
0.573 0.406 0.264 I 

1 
0.59& 0.426 
0.622 0.445 i 
0.646 0.465 I , 
Temperature.dependent equations 

K=a+bT+cT2 

19.4 18.9 

0.121 0.119 
0.127 0.126 
0.133 0.132 
0.140 0.139 

Comp. Stand. 
a b· 103 c'10G error Mol. % NaO of est. 

18.9 -0.2067 0.6780 0 0.630/0 
19.4 -0.1839 0.6342 0 0.87% 
30.9 -0.4258 1.3836 0 0.69% 
31.0 0.6993 -3.3027 4.8037 2.07% 
42;2 -0.5852 1.9443 0 0.95% 
49.2 -0.6548 I 2.4082 0 1.32% 

I 50.0 -0.7966 2.7366 0 0.520/0 

These values are based on the work of Sisido and Yamaguti 
(classical ae technique) [50]. 

Ref. 

16 

42 

110 

112 

157 

188 

317" 

Ref. 

157, 
no 
157 

TABLE 129. Density studies: AICIa·NaCI 

T critically re·examined 

NaCI Temp. range 
Comments Mol % (T) 

40.6,49.7 463-543 Cell material: Mo glass 
dilatometer; calibration: 
purified mercury 

50 455-620 Cell material: glass 
dilatometer 

0,27,38.2,48 397-{510 Cell material: quartz float; 
calibration: water 

20.0-47.5 ~98 Cell material: glass 
dilatometer; calibration: 
purified mercury 

0, 32.6-49.8 463-553 Cell material: Mo glass 
dilat.ometer; P .• libration, 
purified mercury 

37':"'50 423-558 Cell material: Pt bob with Pt 
suspension wire, Pyrex 
.eamplc container; c.a.libultion 0 

water 

25-50 360-620 

Comparison with NSRDS recommendations [1, p. 11 
and this volume] 

NaCl ! Min. departure Max. departure Mol 0/0 
48 1.7% (473 K) 2.7% (533K) 
0 2.2% (490 K) 3.6% (480K) 
0 2.80/0 (550 K) 6.60/0 (480 K) 

'ThiS investigation has recently been reported as a private 
communication. 

Comment: The higher results of Yamaguti [42] and Kryagova 
(157] compared. to Boston's (110] data could be explained by loss 
of AICI. either through vaporization or by reaction with adsorbed 
water. The recently reported data' by King ct al. [317] covers the 
composition range of 50-75 mol % AICl3 from the melting points 
up to 620 K. The results are reported in the form of an empirical 
equation which expresses the density as a function of composition 
and temperature with an overall standard deviation of ±0.003 g 
cm- a. For the relatively narrow temperature and composition ranges 
where comparisons are possible, it was found that Boston's values 
were gen~rally greater (2.2 to 3.60/0), while those of Midorikawa 
[188] were somewhat less (-0.2 to -1.0%). 

T 

400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
;,4U 

550 
560 
570 
580 
590 
600 
610 

TABLE 130. AICI.·NaCI: Density (g em-a) 

Mol percent NaC! 

48.0 38.2 27.0 

1.733 
1.724 
1.716 
1.708 
1.699 1.653 
1.691 1.644 
1.682 1.635 1.588 
1.674 1.627 1.579 
1.666 1.618 1.570 
1.657 1.609 1.561 
1.649 1.601 1.551 
1.641 1.592 1.542 
1.632 1.583 1.533 
1.624 1.575 1.524 
1.615 1.566 1.515 
1.607 1.505 
1.598 1.496 

1.487 
1.478 
1.469 
1.459 
1.450 

Temperature·dependent equations 
p=a+ bT 

0.0 

1.252 
1.229 

Mol % NaCl a b' 103 Stand. 
deviation 

0.0 2.371 -2.330 0.0017 
27.0 2.011 -0.920 0.0011 
38.2 2.034 -0.866 0.0007 
4A.O 2.MB -(\R",R i (looo!>' 

These values are based on the work of Boston (flotation method) 
[110]. 

TABLE 131. Viscosity studies: AlClo·NaCI 

Investigations critically re·examined 

Ref. NaC! Mol 0/0 Temp. range (T) 

32 34.5-49.8 473-573 

Comment: Kryagova (321 calibrated his viscometer with water at 
20 DC and also with several alkali nitrates. The viscometer was 
sealed to prevent adsorption of moisture and the loss of volatile 
components. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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T 1 41).1l 19.3 I 

480 2.65 [2.44] 
490 2.47 (2.261 
500 2.32 [2.113 
510 2.17 . [1.97J 
520 2.04 [1.851 
530 1.93 [1.74J 
540 1.82 [1.64] 
550 1.72 
560 1.63 
570 1.55 

: 

Mol % N"Cl a·~ 

34.5 [65.0389] 
34.B 
39.1 
40:6 
43.6 [-15.7630] 
48.2 [-31.2541] 
49.3 [99.J197J 

49.8 

JANZ ET Al. 

TABLE 132. AICI.·NaCI: Viscosity (ep} 

~ 48.2 

[2.37] 
[2.21] 
[2.061 
[1.92J 
[1.79) 
[1.67J 
[1.57] 

b • 101 

[-2.8254] 

n.6683) 
[2.5481] 

[-5.0765] 

43.6 tl.().6 

[2.441 i 2.84 
(2.271 2,65 
[2.11J I 2.47 
[1.961 i 2,31 
[1.83) 2.17 
[1.71] 2.04 
[1.61] 1.93 

1.8Z 
1.73 
1.64 

Temperature.dependent equations 
.,., = a + bT + CT2 + dl"3 

1] = A • exp (EIRT) 

c·lO'! d·107 

[4.2285J [-2.13331 

) [--4.22271 [3.2000] 

I [-5.8970] [4.2667] 

) [B.!>312] [- 5.3233] 

I 
These values are based on the work of Kryagova (capillary method) [32]. 

39.1 34.S 34.5 

2.96 3.11 
2.77 2.89 
2.60 2.70 [2.82J 
2.45 2.53 [2.63J 
2.31 2.38 [2.46J 
2.18 2.24 [2.31] 
2.07 1 2.11 [2.18] 

I 
1.96 I 2.00 [Z.\J{)] 
1.87 i 1.89 [1.96] 
1.78 

r 
1.80 [1.87] 

I 
E Stand. 

A • 1()2· 
(cal mol-') err<>r 

of est, 

I 0.00% 

I 
9.684 3308 

i 
0.55% 

11.804- 3073 1 .().37% 
8639 3332 i 0.52% 

().OO% 
(),OO% 

8.1)1)3 3227 0.001" 
0.26% 

Melt Preparation and Purification 

Yamaguti and Sisldo's [42] preparation of AlCh 
described under the AlCla-Liel system .. 

G 300 
l!., 

o 20 40 60 80 100 
AICI3 NH4CI 

MOl % NH4CI 

FIGURE 9. Temperature'composition phase diagram for AICh·NH,Cl. 

J. Kendall, E. D. Crittenden and H. K. Miller, J. Amer. 
Chern. Soc., 45, 963 (1923). 

TABLE 133 .. Electrical conductance studies: A1CI.·NH.Cl 

Investigations critically re·examined 

Ref. NH,Cl Temp. range 
Comments MQl% (T) 

42 20.2,29.1, 467-582 Cell material; glass; Pr 
42.9,50.1 electrodes; frcq. range: 8001 

Hz; calibration: IN KCl 
solution 
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TABLE 

T 50.10 42.90 . 29.10 20.25 

470 0.163 OJ12 

480 0.176 0.120 

490 0.189 0.128 

500 0.201 0.136 

510 0.214 0.144 
520 0.226 0.152 

530 0.239 0.161 

540 0.348 0.251 0.169 

550 0.368 0.264 0.177 
560 0.387 0.277 0.185 

570 0.471 0.289 
580 0.501 

Templ:"l'Rtnre.tlE'p~ndent eql.l.:;1.t1ons 

K=a+bT 

Stand. 
Mol % NH.Cl a j b • 103 ! error 

of est. 

20.25 -0.2700 0.8123 0.94% 
29.10 -0.4281 1.2583 0.99% 
42.90 -0.6940 1.9304 0.78% 
50.10 -1.?M9 3 04.B6 O.,qd.% 

These values are based on the work 01 Y amaguti and Sieido 
(classical ac technique) [42]. 

TABLE 135. Density studies: AICla-NH,Cl 

Investigations critically re-examined 

Ref. I 
NH,CI Temp. range Comment Mol % (T) 

42 

I 
50 556-627 Cell material: glass 

dilatometer 

TABLE 136. AICI,-NH,C!: Density (g em-B) 

Mol percent NH,CI 

T 50.0 

556.2 1.470 
557.2 1.475 
584.2 1.445 
588.2 1.440 
597.2 1.425 
627.2 1.420 

These values are based on the work of Yamaguti and Sisido 
(dilatornetrie method) [42]. Due to limited data, the experimental 
results are given. 

AICh·RbCI 
500 I I I I 

AICI3 -RbCI 

400- -

<3 
~pL--------------~ 

300- . -
(l) .... 
::;, 

0+-
0 ... I <I> I 
0- 200r- -
E 
(l) 

I-

100 r- -

I 
°OL-~--2~O------4~0--~-6~O--~-8~0~~~IOO 

AICl3 RbCI 
Mol % RbCI 

FIGUnE 10. Tcmpcr"turc-oompooition phaoc d;"6rom for AICL,-l{bLI. 

G. Bod, H. B. Slot, R. A. W. Leenwen, H. Wesels and 
J. W. van Spronson, Z. anorg. aIigem. Chern., 353, 93 
(1967) • 

Melt Preparation and Purification 

Moss [1l2] used CP reagent grade rubidium chloride 
which was dried in a muffle' furnace ahd then stored in 
a dry box. His preparation of AICb is described under 
the AIC!a·LiCI system. 

TAll'LE 137. Electrical conductance studies: AICb-RbCl 

Investigations critically re-examined 

Ref. RbCI Temp. range Comments 
Mol 0/0 (T) 

112 25,30 448-498 Cell material: silica; Pt 
electrodes 

TABLE 138. AICI.-RbCI: Specific conductance (ohm -1 cm-1 ) 

Mol percent RbCI 

T 30.0 25.0 

448.2 0.098 0.090 
473.2 0.121 0.108 
498.2 0.146 0.128 

These values are based on the work of Moss (classical ac tech
nique) [1121. Due to limited data, the experimental results are 
given. 

TABLE 139. Density studies: Ala.-RbCl 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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T 

450 
455 
460 
465 
470 
475 
480 
485 
490 
495 

Mol % RbCI 

25.0 
30.0 

Mol percent RbCI 

30.0 

1.822 
1.817 
1.812 
1.807 
1.802 
1.798 
1.793 
1.788 
1.783 
1.778 

Tempera.ture-dependent equationo 

p=a+ bT 

a b' 103 

2.2482 -1.00 
2.2536 -0.96 

25.0 

1.798 
1.793 
1.788 
1.783 
1.778 
1.773 
1.768 
1.763 
1.758 
1.753 

Stand. 
error 

of est. 

0.000/0 
0.03% 

These values are based on the work of Moss (dilatometric 
method) [112]. 

8aCh-CaCh 
IOOOr---~-.------,-

BaCI2 -CaCI 2 915 
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FIGURE 11. Temperature.composition phase diagram for BaCI,. 
CaCl,. 

P. D. Budinkov, PI. Volodin and S. G. Tresvyatskii, 
Ukraine. Khim. Zhur., 22, 293 (]956). 

Melt Preparation and Purification 

Lantratov and Moiseeva [74] used chemically pure grade 
barium and calcium chlorides. To. remove traces of oxides 
and water, BaCl2 was heated in a current of dry HCl at 
500--800 °C. Calcium "hloride was purified by passing 
HCl gas through the melt for several hours. 

Alabyshev and Kulakovskaya [20] used chemically 
"anhydrous" salt and purified them by an unspecified 
method. 

Lantratov [229] used c.p. grade BaClz and CaClz 
which were dried and fused under a flow of HCI gas 
(30--60 minutes). The salts were desiccated until used. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

TABLE 141. Electrical conductance studies: BaCI.·CliCI. 

Ref. 

20 

74 

120 

Ref. 

120 

74 

120 

T critically re·examined 

CaO. Temp. range Comments 
~'lol % (T) 

75 921, 939, 979 Cell material: quartz; freq. 
range: 1000 Hz; calibration: 
300/0 H.SO. solution 

60,75,87.5 932-1073 Cell material: quartz; Pt 
electrodes; freq. range: 1000-
3000 Hz; calibration: molten 
KNO", NaN03 arid NaCI 

0-100 973-1573 Cell material: quartz; freq. 
rang;e: 500-20,000 Hz: 
calibration: KCl solutions 

Comparison with NSRDS recommendations 
[I, p. 7, and this volume] 

Cae!. Min. departure Max. departure Mol % 

100 9.4'70 (1173 K) 10.8% (1223 K) 

60 0.0% (l023K) 4.::;<70 (973 K) 

0 6.00/0 (1273 K) 6.0% (1323 K) 

Comment: Lantratov and Moiseeva [74J noted that their quartz 
c",lls w .. re attacked by the melt.; oonccquontly the V0330b wore 

boiled in concentrated HCl and washed with· hot distilled water 
between consecutive measurements. 

From isotherms of specific conductance versus mole % BaCl" 
Lantratov and Moi"flflVa [74] Mn,,]l1d .. d that their data o.t 60, 75, 
and 87.5 mol % CaC]. was in satisfactory agreement with the results 
of Barzakovskii and KochinashviIi [120]. 



PROPERTIES OF CHLORIDES AND MIXTURES 925 

TABLE 142. BaCl.·CaCl.: Specific conductance (ohm-1 em-I) 

Mo] percent CaC]. 

T 100 90 80 70 60 50 40 30 i 20 10 I 0 
" 

980 1.50 1.45 1.40 
1000 1.57 1.51 1.47 
1020 1.63 1.58 1.53 i 

1040 1.74 1.70 1.65 1.60 1.54 I 

1060 1.81 1.77 
I 

1.71 1.67 1.61 
1080 1.94 1.89 1.84 1.78 1.74 1.68 1.64 
1100 2.02 1.% 1.91 1.0G 1.01 1.75 1.71 
1120 2.10 2.03 1.97 1.92 1.87 1.82 1.77 
1140 2.18 2.10 2.04 1.98 1.94 1.89 : 1.84 1.80 
1160 2.26 2.17 2.11 2.05 2.01 1.95 1.90 1.86 
11BO 2.33 2.21 2.18 2.12 2.07 2.02 1.97 1.92 1.85 
1200 2.40 2.31 2.24 2.18 2.14 2.0S 2.03 1.98 1.92 
1220 2.47 2.38 2.31 2.25 2.20 2.15 2.09 2.04 1.99 

2.21 
: 

2.16 2.10 2.05 . 2.01 1240 2.54 2.45 2.38 2.32 2.27 
1260 . 2.61 2.51 2.4.5 2.38 2.33 ??ll ??? 51.11> 2.1? '2.07 
12110 2.67 2.58 : 2.52 2.45 2.39 2.34 2.28 2.22 2.18 2.13 2.07 

I 

1300 2.73 2.64 2.58 2.52 2.45 2.40 2.34 2.28 2.21 2.18 2.13 
1320 2.79 2.71 2.65 2.58 2.52 2.46 2.41 2.35 2.30 2.24 2.19 
1340 2.85 2.77 2.72 2.65 2.58 2.52 

1 
2.47 2.41 2.35 2.30 2.24 

1360 2.90 2.83 2.79 2.72 2.54 2.58 2.53 2.47 2.41 2.36 2.30 
· 1380 2.35 
· 1400 2.40 

1420 2.45 
1440 2.4-9 

· 1440 : 2.53 
1460 2.57 
1480 2.61 
IbOU :!.65 
1520 2.69 
1540 

i I 
2.72 

Temperature·dependent equations 
K=a..l... bT + CT2 

\ Stand. 
Mol % CaCl. a b. 103 c· lOG error 

of est. 

0 -5.8435 9.3706 -2.4887 0.78% 
10 -1.6386 2.9400 0 0.66% 
2() -5.4488 8.8668 -2.2729 0.60% 
30 -1.6903 3.0571 0 0.68% 
40 -2.4699 4.3216 -0.4761 0.45% 
50 -3.1879 5.5379 -0.9539 0.72% 
60 -2.6071 4.6708 -0.5981 0.73% 
70 -1.8346 3.34,76 0 0.62% 
80 -1.8254 3.3909 0 0.64'70 
90 -3.3773 6.0568 -1.0969 0.720/0 

100 -5.8425 10.1868 -2.7630 0.41% . 

These values are based on the 'work of Barzakovskii and Kochinashvm (classical ac technique) [1201. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 143. Surface tension studi€s: BaCi,·C2.C], BaCh.CdCb 
T critically 

Ref. CaCI. Temp. range Comments 
Mol 0/0 (T) 

229 60, 7~, 100 873-1140 Cell material: Pt and stainless 
steel capillaries, Pt crucible; 
calibration: capillary diameter 
determined microscopically, 
checked using molten KNO. 
and NaNO. 

DpviMil'lM f,,'m previou. NSRDS recommendationc [2, p. 60] 

Ref. CaC!, 
Min. departure Max. departure 

Mol 0/0 
229 100 0.21 % (l093 K) 1.2% 0173 K) 

Comment: Lantratov [229J reported reproducibility in surface 
tension measurements of ±0.1%. Glass or quartz vessels could. not 
be used due to corrosive attack of the melts. 

TABLE 144. BaC!'·CaCl,: Surface tension (dyn cm- 1 ) 

T 

BBO 
BOO 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
lObU 

1070 
1080 
1090 
llOO 
III 0 
ll20 
1130 
1140 

Mol % CaCh 

{)O 

75.0 
100 

Mol ro CaCh 

100 75.0 

lSQQ8 

159.51 
159.04 
15S.57 
158.10 
157.63 
157.16 
156.69 
156.22 
155.75 

, 

155.28 I 
154.81 
154.34 

146.36 153.87 
145.S0 153.40 
145.24 
144.68 I 

144.12 I 

143.56 

I 

143.00 
142.44 
141.88 

Temperature.dependent equal10ns 

'Y = a+ bT 

a b • 102 

, 

21Q.42 -5.01 
203.69 -4.70 
205.83 -5.61 

60 

166.31 
165.S1 
165.31 
164.Bl 
164.31 
163.B1 
163.30 
162.80 
162.30 
161.80 
161.30 
160.80 
160.30 
159.80 
159.29 
158.79 
158.29 
157.79 
157.29 
156.79 

Stand. 
error 

of est. 

0.002% 
0.000% 

These values are based on the work of Lantratol' (maximum 
bubble pressure method) [229]. 

G 
soo 

e.. 

f 
.: 
::! ., 
Q. 

E 
~ 

600 

400 

40 60 

Mol % CdCI 2 

80 

o 0 

100 
CdCI2 

FICURE 12. Temperature.composition phase diagram for BaCI,· 
CdCl •. 

C. Sandonnini, Attidella Reale Accad. dei Lineei, (5), 
20, ll, 646. 1911. 

Melt Preparation and Purification 

Boardman, Dorman, and Heymann [26] report that 
their salts were either of analytkul !:51UUt: purity or were 

prepared from pure reagents and recrystallized. Cadmium 
chloride, from pure electrolytic cadmium (Electrolytic Zinc 
Co., Tasmania), was dried with increasing temperatures 
until molten, and finally dry HCI was passed through the 
melt. Analysis for cadmium was performed using the 
electro-analytical method. 

TABLE 145. Density studies: BaC]'·CdC]' 

Inve.tigations cri:lcally re·examined 

Ref. CdCI, Temp. range Cell rna terial Calibration 
Mol % (TJ 

26" 45.8,64.0, 853-998 Silica I!:lass Molten AgNO. 
82.9,100 dilatometer 

165 50 673-973 

'Boardman et a1. [26] applied corrections for the shape of the 
meniscus, buoyancy and expansion of the silica glass. In general the 
dilatometer method could not be used above 700-750 °C because of 
chemical attack on the silica glass. Values for pure CdO, are those 
recommended in [1]. 
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TABLE 146. BaO,·CdCl,: Density (g cm-S ) 

Mol percent CdC]' 

T 100 82.9 64.0 45.8 

860 3.377 3.492 
870 3.368 3.441 3.483 
880 3.360 3.432 3.474 3.486 
890 3.351 3.422 3.464 3.477 
900 3.343 3.413 3.455 3.467 
910 3.335 3.404 3,,446 3.457 
920 3.326 3.394 3.430 il.<l48 

930 3.318 3.385 3.427 3.438 
940 3.309 3.376 3.418 3.429 
950 3.301 3.367 3.409 3.419 
960 :1.293 3.357 3.399 3.409 
970 3.284 3.348 

I 

3.390 
980 3.276 
990 i 3.267 

Temperature-dependent equations 

These values are based on the work 01 Boardman et al. (diJato
netrie method) [26]. 

BaCh·CsCI 

1000~----~------~----~----~ 

800 liquid 

<3 
0 ....... 
Q) 
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::::l .... 646 
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0. 
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t- 543 

a N 
N 442 (3 (3 

0 

f3 ~ '" 400 ~ 
(3 (3 U') 

u cJ) 

C\J U 

0 25 50 75 100 
esCI 

Mol % BaCI 2 
BaCI2 

FIGURE 13. Temperature-composition phase diagram for BaCI,-CsO. 

Z. A. Mateiko, E. S. Yagub'yon, and G. A_ Bukhalova, 
Zh. Neorgan. Khim., II, [10], 2405 (1966); Russ. J. 
Inorg. Chem. (English Trans!.) 12, 91 (1966). 

Melt Preparation and Purification 

Smirnov et a1. [79] used "chemically pure" BaCI2 and 
"pure" CsCl which were recrystallized from distilled water. 

Smirnov and Khokhlov [174] purified their salts by 
double recrystallization, followed by drying under vacuum 
and finally melting the salts in an argon atmosphere. 

Smirnov and Stepanov [225] used salts purified by 
triple recrystallization from douhly distilled water. 

Ref. 

166 

TABLE 147. Electrical conductance studies: BaCl ... CsCI 

Investigations critically Ie-examined -------
esC] Temp. range I Comments 

Mol % (T) 

0-100 1063--1298 Cell material: alundum 
crucible in a sealed quartz 
tube; Mo electrodes; freq, 
range: 50,000 Hz; calibration: 
molten LiC!, KCl 

209' 0-100 (g) 124() Cell material and calibration, 
as for 166 

Deviations from previous NSRDS recommendations: [1, pp. 6, 7] 

Ref. CsCI Min. departure Max. departure Mol % 

166 100 -5.12% (l090 K) -8.21 % (1170 K) 

166 0 -0.79% (l300 K) -0.18% (1270 K) 

"EqUivalent conductance reported. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 



928 

T i 100 90.96 82.37 

1070 I 1.402 
, 

1.330 
1080 1.418 1.348 
1090 1.533 1.434 1.365 
nOD 1.551 1.451 1.383 
1110 1.,,69 1.467 1.400 
ll20 1.587 1.483 1.418 
1130 1.606 

I 1.500 1.1.% 
1140 1.624 1.516 1.452 
1150 1.642 i 1.533 1.470 
1160 1.660 1.550 1.487 ! 
1170 1 (i7l< 1 56fi 1.505 
1180 1.696 1.583 1.522 I 

1190 1.71<;. 1.600 1.540 I 

1200 1.732 1.617 1.557 
1210 1.751 1.634 1.575 
1220 1.769 1.651 1.592 
1230 1.787 1.668 

I 
'1.610 

]240 1.804 1.685 1.627 
1250 1.702 1.645 
1260 1.720 1.662 
1270 ].737 1.679 
1280 1.755 1.697 
1290 

Mol % CsCI a 

0 0.750 
10.0 -1.563 
36.0 -3.443 
45.0 -3.667 
50.95 -4.144 
60.35 -3.955 
67.0 -3.630 
7S.1Q 0.670 
82.37 -0.538 
90.96 0.059 

100 -0.442 

JANZ ET AL. 

Mol percent CsCI 

73.40 67.0 I 60.35 50.95 

1.239 l.JGl 1.119 1.080 
1.2S6 1.184 1.142 l.lO4 
1.272 1.206 1.166 1.l29 
1.289 1.229 1.189 1.152 
1.306 1.251 1.211 1.176 
1.323 1.272 1.233 1.199 
1.310 1.293 1.255 1.221 
1.358 1.314 1.276 1.243 
1.357 1.334 1.297 1.265 
1.393 1.354 1.317 1.286 
1.411 1.373 1.337 L307 
1.430 1.392 1.356 1.327 
1.448 1.411 1.375 1.347 
1.467 1.429 1.394 1.366 
1.486 1.447 1.412 1.385 
1.505 1.464 1.429 1.404 
1.524 . 1.482 1.447 1.422 
1.544 1.498 1.463 1.439 
1.564- 1.514 1.480 1.456 
1.584, 1.530 1.496 1.473 
1.60,1, 1.546 1.511 

I 

1.489 
1.624 1.561 1.526 1.505 

Temperature-dependent equations 
K-a+ bT+ CT2 -

b • 103 

-0.838 
2.771 
5.921 
6.425 
7.269 
7.084 
6.628 

-0.555 
1.74<5 
0.901 
1.812 

45.0 

1.l07 
1.132 
1.156 
l.l80 
1.204 

I 
1.227 

, 1.250 
1.273 

I 
1.295 
1.317 
1.338 
1.359 
1.380 
1.401 
1.421 
].440 
1.460 
1.479 
lA97 
1.515 
1.533 
1.551 

C • lOr, 

1.533 
0 

-1.545 
-1.835 
-2.231 
-2.189 
-2.010 

1.01C; 

0 
0.331 

0 

rhese ,alues are based on the work of Smlrnov and Khokhlov (claSSIcal ac techmque) llbbJ. 

TABLE 149. Density studies: BaCL-CsCI 

Investigations critically re-examined 

Ref. CsCI Temp. range 
Cell material I Calibration Mol % (T) 

79 0-100 973-1273 Pt bal! Molten KNO, 
I 

152 0-100 (g) 1273 !Pt sphere 

J und KCl 

Deviations from previous NSRDS recommendations: [1, pp. 6, 7] 

Ref. CsCl Min. departure Max. departure Mol % 

79 100 1.110 (980K) 1.3% (1170 K) 

79 
I 

0 -1.9% (1240 K) -2.2% (1270 K) 

J. Phys. Chern. Ref. Data, VoL 4, I~o. 4, 1975 

-
36.0 10.0 0 

1.124 
l.l50 
1.175 
1.201 
1.226 
1.250 
1.275 

1.299 
1.323 
1.34<5 
1.370 1.679 

1.393 1.707 
1.415 1.734 
1.437 1.762 
1.459 1.790 
1.481 1.818 
1.502 1.845 
].523 I 1.873 2.068 

1.544 1.901 2.098 
1.565 1.928 2.128 

1.585 1.956 2.158 

].605 1.984 2.189 

I 2.220 

-
Standard 
deviation -
±O.008 
±O.OO5 
±O.003 
±O.003 
±O.002 
±O.()()2 
±O,OQ2 
;;;:0.007 

±O.005 
±O.OO6 
±O.003 -



T 

980 
\ 990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
noo 
1110 
1120 
1130 
]140 

1150 
1160 
1170 
1180 
1190 
1200 

1210 
1220 
1230 
1240 
1250 
1260 
1270 

100 88.58 

2.754 2.775 
2.744 2.764 
2.733 2.753 
2.723 2.742 
2.712 2.731 
2.702 2.720 
2.692 2.709 
2.681 2.697 
2.670 2.686 
2.660 2.675 
2.650 2.664 
2.639 2.653 
2629 2M2 
2.618 2.631 
2.608 i 2.620 
2.597 2.609 
2.587 2.598 
2.576 2.587 
2.566 2.576 
2.555 2.565 
2.545 2.554 
2.534 2.543 
2.524 2.532 

2.513 2.520 
2.503 2.509 
2.493 2.498 
2.482 2.487 

.2.472 2.476 
2.461 2~465 
2.451 2.454 

Mol % esCI 

o 
15.23 
24.72 
27.59 
35.17 
46.63 
56.25 
66.98 
75.68 
88.58 

100 

I 
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75.68 

2.834 
2.823 
2.812 
2.801 
2.791 
2.780 
2.769 
2.758 
2.748 
2.737 
2.726 
2.716 : 

2705 
2.694 
2.683 
2.673 
2.662 
2.651 
2.640 
2.630 
2.619 
2.608 
2.598 

2.587 
2.576 
2.565 
2.555 
2.544 
2.533 
2.522 

TABLE ISO. BaCI,·CsCl: Density (g em-3) 

Mol percent CsCl 

66.98 I 56.25 46.63 35.17 

2.909 2.982 3.Q41 3.119 
2.899 2.972 3.032 3.109 
2.889 2.962 3.022 3.099 

2.879 2.952 3.012 3.089 
2.869 2.942 3.003 3.079 
2.859 2.932 2.993 3.069 

2.849 2.922 2.984 3.059 
2.839 2.912 2.974 M48 
2.829 2.902 2.964 3.038 
2.819 2.892 2.955 3.028 
2.809 2.882 2.945 3.018 
2.799 2.872 2.936 3.008 
2789 2863 2926 : 2998 
2.779 2.853 2.916 2.988 
2.769 2.843 2.907 2.977 
2.759 I 2.833 

, 
2.897 2.967 

2.749 2.823 2.888 2.957 
2.739 2.813 2.878 2.947 
2.729 2.803 2.868 2.937 
2.719 .2:793 2.859 2.927 
2.709 2.783 2.849 2.917 
2.699 2.773 2.840 2.906 
2.689 2.763 2.830 2.896 

2.679 2.753 2.820 2.886 
2.669 2.743 2.811 2.876 
2.659 2.733 2.801 2.866 
2.650 2.723 2.792 2.856 
2.640 2.713 2.782 2.846 

2.630 i 2.703 2.772 2.835 
2.620 2.694 2.763 2.825 

Temperature-dependent equations 
p=a+bT 

a 

4.3216 

4.1382 
4.0725 
4.1154 
4.1136 
3.9816 
3.9558 
3.8866 
3.8851 
3.8593 
3.7808 

27.59 

1 3.166 
3.156 
3.146 
3.137 
3.127 
3.117 
3.108 
3.098 
3.088 
3.078 
3.069 
3.059 
3049 
3.040 
3.030 
3.020 
3.011 

, 3.001 
2.991 
2.982 
2.972 
2.962 
2.952 

2.943 
2.933 
2.923 
2.914 
2.904 
2.894 
2.885 

929 

24.72 15.23 0 

3.181 3.242 3.367 
3.172 3.233 3.357 
3.163 3.224 3.347 

3.154 3.215 3.337 
: 3.144 3.206 3.328 

3.135 3.197 3.318 
3.126 3.187 3.308 
3]17 3.178 3.298 

3.108 3.169 3.288 

3.099 3.160 3.278 
3.090 3.151 3.268 
3.081 3.142 3.259 
3072 '3133 3249 
3.063 3.123 3.239 
3.053 3.114 3.229 

3.044 3.105 3.219 

3.035 3.096 3.209 
3.026 3.087 3.200 
3.017 3.078 3.190 

, 
3.008 3.069 3.180 

: 2.999 3.059 3.170 

2.990 3.050 3.160 
2.981 3.041 3.150 

2.972 3.032 3.140 
2.962 3.023 3.131 

2.953 3.014 3.121 
2.944 3.005 3.111 
2.935 2.995 3.101 
2.926 2.986 

I 
3.091 

2.917 i 2.977 3.081 

b' 103 

-0.9944 

-0.9142 
-0.9099 
-0.9691 
-1.0144 
-0.9597 
-0.9939 
-0.9976 
-1.0730 
-1.1065 
-1.0474 

These values are based on the work of Smirnov et aI. (Archimedean method) [79]. 

TABLE 151. Viscosity studies: BaCJ,-CsCl 

Investigations critically re·examined 

Ref. I eso Temp. range Cell material Calibration Mol % (T) 

174 I 0-100 930-1290 Pt ball Molten Cs and 

I Li chlorides 

Deviations from previous NSRDS recommendations: [1, pp. 6, 7] 

Ref. esCl Min. departure I Max. departure Mol % 
174 100 0.91% (960 K) I 1.6% (94OK) 

174 0 -22.0% (1290 K) I -26.1 % (1270 K) 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 . 



930 

T 

930 
9<10 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
HOO 
1110 
ll20 

1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 : 

1210 ! 

1220 
1230 
1240 
1250 
1260 
1270 
1280 
129{) 

100 

1.349 
1.296 
1.248 
1.202 
1.159 
1.Il8 
1.079 
1.043 
1.008 
0.095 
0.944 

; 

Mol % esCI 

o 
15.22 
24.72 
35.17 
46.63 
56.25 
66.98 
75.68 
88.58 

100 

88.58 75.68 

1.966 
1.909 
1.856 
1.805 
1.756 
1.710 
1.665 

1.191 1.623 
1.168 1.582 
1.14.'1 1.543 
1.123 1.506 
1.102 1.470 
l.UI12 1.436 
1.062 1.403 
1.043 1.371 
1.025 1.341 
1.008 1.312 
0.991 1.284-
0.974- 1.257 
0.958 1.231 
0.943 1.206 
0.928 1.182 

I 0.914 1.159 I 

0.9{)0 1.136 
0.886 1.115 
0.873 

I 
I 

I 

JANZ ET AL. 

TABLE 152. BaCl,·CsCl: 

Mol percent CsCl 

66.98 56.25 46.63 

2.606 
2.513 
2.425 
2.342 2.896 3.683 
2.263 2.788 3.530 
2.188 2.686 3.387 
2.117 2.589 3.253 
2.049 2.498 3.126 
1.985 2.412 3.006 
1.924 2.330 2.893 
1.866 2.252 2.780 
1.811 2.178 2.684 
1.758 2.108 2.589 
1.708 2.041 2.498 
1.660 1.978 2.412 
1.614 1.917 2.330 
1.570 1.860 2.2!JiS 

1.528 1.805 2.179 
1.488 1.752 2.109 
1.450 1.702 2,042 

1.654 1.978 

i 

Temperature·dependent equations 
'I'/=A' exp (E/RT) 

A'102 E 
(cal mol- 1 ) 

3.570 H507 
2.799 11382 
2.928 10689 
2.607 10716 
4.584- 8977 
5.559 B09{) 
6.616 7299 

10.483 5824 
13.769 4588 
3.448 6774 

35.17 

3.511 
3.359 
3.216 
3.082 
2.956 
2.837 
:l.7Z4 

2.618 
2.518 
2.423 
2.333 
2.248 
2.167 
2.091 
2.018 

work of Smirnov and Khokhlov (oscillating sphere method) [174]. 
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24.72 15.22 0 

! 

3.420 
3.280 
3.148 
is.U24 
2.906 
2.795 3.591 
2.690 3.448 
2.591 3.312 

2.497 3.184-
2.407 3.063 
2.322 2.948 

I 

2.242 2.839 3.811 
2.166 2.736 3.671 

I 2.og3 2.639 3.538 
2.024 2.546 3.413 
1.95B 2.159 3.293 

: 1.895 2.374 : 3.180 

Standard 
deviation 

±O,OlS 
±0.OO8 
±O.OO9 
±O.OO7 
±0.O06 
±O.O08 
±O.OO6 
±O.OO7 
±O.OO8 
±O.OO8 



T I 100 90 

940 39.75 
960 88.l9 . 

980 86.62 
1000 85.05 
1020 83.48 
1040 81.91 
1060 80.35 
1080 79.0 
1100 77.5 
H2O 75.9 
H40 74.4 
1160 72.8 
11Iio 71.3 
1200 69.7 
1220 68.2 
1240 66.6 
1260 65.1 
1280 
1300 
1320 
1340 
1360 

Mol % e.c! 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
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TABLE 153. Surface tension studies: BaCl,-CsCl 

Investigations critically re-examined 

Ref. CsCI Temp. range I Cell material Calibration 
Mol % (T) 

225 0-100 1070-1263 i Ceramic capillary Measurements on 

244 0-100 (g) 1123 

I I pure salts 

Deviations from previous NSRDS recommendatIons: [2, pp. 58, 60) 

Ref. I CsCl Min. departure Max. departure 
Mol % 

225 ! 100 -0.0% (933 K) 0.24% (l013 K) 

225 I 0 2.8% (990K) 4.4% (1040K) 

Comment: Calculations in reference (225) were corrected for the 
depth of immersion and for the thermal expansion of the capillary. 
Least squares linear fit to the surface tension results gave a mean 
deviation of ±O.l dyne cm-1 • The data in reference [244] was 
stated as reproducible to 0.5%. 

TABU:~ 1;;<1.. R.CI ... C.Cl, Surface tension (dyn om- 1 ) 

Mol percent CsCI 

80 70 60 50 40 30 , 

79.2 80.2 
77.7 71Ul 34.9 
76.2 77.3 79.2 83.6 89.8 
74.7 75.9 77.8 82.3 88.5 95.3 
73.2 74.5 76.4 80.9 87.3 94.1 
71.7 73.0 75.0 79.6 MoO Q? I} 

70.2 71.6 73.6 78.3 84.7 91.7 
68.8 70.2 72.2 no 83.4 90.4 
67.3 68.7 70.9 75.6 82.1 89.2 
65.8 67.3 69.5 74.3 80.9 88.0 

65.9 86.8 

Temperature·dependent equations 

"Y a + bT 

a 

216.1 
179.4 
179.9 
165.1 
161.5 
157.6 
157.4 
157.4 
159.4 
162.6 
163.46 

931 

20 10 {) 

: 

I 

109.8 
108.7 127.::> 
107.5 126.5 
106.3 125.6 168.1 
105.1 124.7 167.3 
104.0 123.9 166.6 

123.0 165.8 
165.0 
164.::> 

b'10" 

-3.81 
-4.27 
-:-5.84 
-6.12 
-6.40 
-6.61 
-6.98 
-7.15 
-7.43 
-7.74 
-7.841 

These values are based on the work of the work of Smirnov and Stepanov (maximum bubble pressure method) [225], 

J. Phys. Chem. Ref. Data, Vol. 4, No. 4~ 1975 
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1000 
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o 
KCI 

20 

BaCb-Kel 

40 

/ 
/ 

60 80 

Mol % Bael2 

100 
BaCI2 

FIGUnE 14. Temperature·composition phase diagram for BaCl,·KCl. 

T. Sa to, Kinzokv no Kenkyu, 10, 383 (1933). 

Melt Preparation and Purification 

Peake and Bothwell [232, 33J used Baker and 
Adamson reagent grade and Merck and Co. reagent grade 
potassium chloride and barium chloride dihydrate, respec· 
tively. To obtain <11111yJruW; materials the KCl was heated 
for ten hours at 600 0 in a muflle furnace while the 
BaCh·2HzO was first heated in a porcelain casserole for 
24 hours on a hot·plate and then for 10 hours at 800°C 
in a muflle furnace. Analysis of the melts consisted in 
determining the barium content by weighing as the 
carbonate. 

J. l'hys. Chern. Ref. Dofa, Vol. 4, No.4, 1975 

Reding [241] used Baker and Adamson reagent grade 
KCl which was dried under vacuum for 12 hours or 
longer. Baker and Adamson reagent grade BaCb· 2H20 
was dehydrated by heating under vacuum for 12 hours at 
200 °C and then for 5 hours at 500 °e. The dried salts 
were stored in sealed Mason jars that had been previously 
flushed with argon and dried. 

TABLE 155. Density studies: BaCl ... KCl 

Investigations critically re·examined 

Ref. KCl Temp. range 
Mol % (T) 

33' 0-100 1054-1286 

89' 0-100 

152 0-100 (g) 1273 

150b 0-100 (g) 1073 

Deviations from previous NSRDS recommendations: [1, pp. 5, llJ 

Ref. KCl Min. departure Max. departure Mol 7) 
"---

33 100 -0.59% (1065 K) -0.82% (1161 K) 

33 0 -0.86% (]267 K) -0.89% (1286 K) 

• Peake and Bothwell [33] took suitable precautions to avoid 
condensation of salt vapors on their suspension wire and incorporated 
a technique for accurate location of the surface of the melt, result· 
ing in reproducible depths of immersion of the platinum sinker. 
The authors report a probable error in density measurements on the 
pure salts of less than ±0.2% and an error of less than ±0.3% on 
density of mixtures. 

b Data from ref. [33]. 
C Graphical except for pure salts. 



T 100 91.6 

1060 
1070 1.503 1.693 
lOBO 1.497 1.685 
1090 1.491 1.678 
1100 1.485 1.671 
1110 1.479 1.663 
lI20 1.472 1.656 
1130 1.400 1.o<w 
1140 1.460 1.641 
lI50 1.454 1.633 
1160 1.448 1.626 
1110 

lIBO 
1190 
1200 
1210 
1220 
1230 
124{) 
1250 

1260 
1270 
1280 

Mol % KCl 1 

0 
20.9 
36.7 
50.5 
54.3 
66.4 
66.7 
70.2 
75.6 
86.9 
91.6 i 

100 I 
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B6.9 

1.766 
1.761 
1.756 
1.751 
1.746 
1.742 
1.737 
1.732 
1.727 
1.723 

a 

3.9881 
3.7621 
3.4446 
3.1602 
3.2396 
2.9626 

13.2921 
2.8580 
2.7114 
2.275B 
2.4850 
2.1559 

TABLE 156. BaCI.-KCI: Density(g em-B) 

75.6 

2.051 
2.045 
2.039 
2.032 
2.026 
2.020 
:!.U14 
2.008 
2.002 
1.995 

Mol percent KCI 

70.2 66.7 66.4 

2.226 2.220 
2.120 2.20B 2.213 
2.113 2.192 ~.206 

2.106 2.177 2.199 
2.099 2.164 2.192 
2.092 2.153 2.1B5 
2.U35 :!.14ll 2.173 
2.079 2.134 2.171 
2.072 2.128 2.164 
2.065 2.122 2.157 
2.058 

! 

Temperature-dependent equations 
p a+ bT 

b·10 8 

-0.6819 
-0.7240 
-0.6486 
-0.6349 
-0.7643 
-0.6944 

-18.B213 
-0.6838 
-0.6173 
-0.4769 
-0.7405 
-0.6103 

54.3 

2.422 
2.414 
2.407 
2.399 
2.391 
2.384 
:!.1l76 
2.368 
2.361 

50.5 

2.487 
2.481 
2.475 
2.468 
2.462 
2.456 
2.449 
2.443 
2.436 
2.430 

c·l06 

0 
0 
0 
0 
(} 

0 
7.9243 

() 

0 
0 
0 
0 

933 

36.7 20.9 0 

2.731 
2.725 
2.71B 
2.712 

2.705 
2.699 
2.692 2.922 
2.686 2.910 

2.679 2.908 
2.901 
2.893 
2.886 

I 
3.136 

I 

3.129 
i 3.122 
! 

3.115 
: 

Stand. error 
of est. 

0.02% 
0.05% 
0.04'70 
0.07% 
0.04% 
0.17'70 
0.29% 
0.06'70 
0.06% 
O.lB% 
0.21% 
O.OB'7o 

These values are based on the work of Peake and Bothwell (Archimedean method) [33]. 

TABLE 157. Surface tension studies: BaCI2·KCl 

Y. critically re·examined 

Ref. KCl Temp. range Comments Mol % (T) 

232 0-100 1077-1314 Cell material: Pt-l0%Rh 
capillary and porcelain 
crucible; calibration: liquids of 
known surface tension; 
diameter of capillary measured 
with microscope 

241 25-100 1023-119B Cell material; Pt-l0%Rh 
capillary and graphite crucible; 
diameter of capillary measured 
with microooopo 

244 0-100 (g) 1123 

Comparison with NSRDS recommendations [2, p. 58 and this volume} 

Ref. KCl . Min. departure Max. departure Mol % 
232 100 -2.2% (1ll7 K) -2.9% (1142 K) 

241 100 2.3% (1073 K) 

I 241 40 5.0% (1165 K) 5.2% (1103 K) 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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T 100.0 9.6.1 91.6 

1080 
1090 99.2 
1100 9liJ 98.6 
1110 93.5 95.3 98.0 
H2O 92.8 94.6 97.4 
1130 92.1 93.S 96.9 
1140 91.4 93.1 96.3 
1150 90.7 92.3 95.7 
1160 90.0 91.6 95.1 
1170 89.3 90.8 
BOO 88.6 I 

" 1190 87.9 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
uno 

Mol % KCl 

0.0 
17.9 
37.7 
52.3 
57.7 
62.7 
66.0 
70.6 
75.6 
86.5 
91.6 
96.1 

100.0 

JANZ ET AL. 

TABLE 158. BaQ,-KCl: 5UIiace ten:;,iol1 (uyn em-I) 

86.S 

100.9 
100.2 
99.5 
98.8 
98.1 
97.4 
96.7 

Mol percent KCl 

75.6 i 70.6 66.0 62.7 

112.1 I 108.1 109.4 11l.6 
107.5 10S.9 111.0 112.7 
106.8 108.4 llO.4 112.0 : 

106.2 107.8 109.8 111.4 
105.5 107.3 109.2 110.7 
104.8 106.8 108.6 110.0 
104.2 106.3 108.0 109.4 
103.5 105.8 107.4 108.7 

105.2 

i 

I 
! 

i : 
Temperature-dependent equations 

'Y::::: a + bT 

a I b. 10 2 
! 

262.9968 -7.8938 
233.9472 -7.6421 
224.6250 -8.4254 
176.1607 -5.2083 
168.9015 -4.8698 
186.0652 -6.6690 
175.6408 -5.8798 
166.1773 -5.2091 
180.4021 -6.6294 
178.0157 -7.0131 
163.2767 -5.8786 
178.7136 -7.5125 
171.1364 -6.9911 

57.7 

115.3 
114.9 
114.4 
113.9 
113.4 
112.9 
112.4 
111.9 

52.3 

l1S.9 
118.4 
117.8 
117.3 
116.8 
116.3 
115.7 

I 

I 

These values are based on the work of Bothwell and Peake (maximum bubble pressure method) [232J. 

j. Phys. Chern. Ref. Dc:ta, VoL 4, No.4, 1975 

37.7 17.9 0.0 

129.4 
128.6 
127.7 
126.9 
126.1 ! 

125.2 143.8 
124.4 143.0 
123.5 142.2 I 

122.7 141.5 
121.8 140.7 

I 121.0 139.9 I 

139.2 
138.4 
137.7 163.5 

162.8 

162.0 
161.2 
16D.4 
l'iQIi 

Stand. error 
of est. 

0.170/0 
0.260/0 
0.800/0 
0.540/0 
0.270/0 
0.28% 
0.240/0 
0.270/0 
0.32% 
0.46% 
0.46% 
0.40% 
0.25% 
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BaCh·LaCh 

Melt Preparation and Purification 

Smirnov and Khoklov [172] and Smirnov and Stepanov 
[168] used "pure" barium chloride which was twice 
recrystallized, dried at reduced pressure, and remelted in 
an atmosphere of pure argon. The preparation of pure 
LaCla is described under the system LaCI2-LaCIg• 

TABLE 159. Electrical conductance studies: BaCI.-LaCl, 

Investigations critically re.examined 

Ref. LaCl, Temp. range Comments Mol % (T) 

172 13.69-90.0 1131-1306 Pt electrodes; freq. range: 
50,000 Hz; calibration: molten 
C~Cl, 

TABLE 160. BaCl.·LaCl.: conductance (ohm -lcm -1 ) 

Mol percent LaCl. 

T 100 90.0 75.0 60.0 45.0 30.0 13.69 0.0 

1140 1.248 1.271 1.282 
1150 1.273 1.297 1.310 1.350 
1160 1.299 1.324- 1.338 1.353 1.381 
1170 1.325 1.351 1.366 1.384 1.412 
1180 1.350 1.378 1.394 1.415 1.4043 
1190 1.376 1.404- 1.42!1 I. 1.44.'; U.74 1.510 

1200 1.402 1.431 1.451 1.476 , 1.505 1.542 
1210 1.427 1.458 1.479 1.507 1.536 1.573 
1220 . 1.453 1.485 1.507 1.538 1.567 1.605 
1230 1.511 1.535 1.568 1.598 1.637 
1240 1.538 1.564 1.599 1.628 1.669 2.069 
1250 1.565 1.592 1.630 1.659 1.701 1.856 2.099 
1260 1.592 1.620 1.660 1.690 1.733 1.886 2.129 
1270 1.618 1.648 1.691 1.721 I 1.765 1.917 2.159 
1280 1.752 I 1.797 1.948 2.190 
1290 

I 

1.979 2.221 
1300 2.009 

Temperatura-dopondont equation:!) 

. K = a + bT + cf2 

Mol % LaO, a b'10 3 c'106 Standard 
deviation 

0.0 0.750 -0.838 1.533 0.008 
13.69 -1.989 3.076 0 0.003 
30.0 -2.287 3.190 0 0.001 
45.0 -2.202 3.089 0 0.001 
60.0 -2.209 0.071 0 0.003 
75.0 -1.931 2.818 0 0.002 . 
90.0 -1.780 2.676 0 0.004 

100 -1.673 2.562 0 0.002 

These values are based on the work of the work of Smirnov and 
Khokhlov (classical ac technique) [172]. 

TABLE 161. studies: BaO.·LaCl. 

Investigations critically re.examined 

Ref. LaCI. Temp. range 
Comments Mol % (T) 

168" 14-90 1067-1321 Cell material: Mo capillary 
tube; calibration: molten NaCI 

• Smirnov and Stepanov [168] report a root-mean-square deviation 
for their density measurements of 0.004 gem-a. 

J. Phy •. Chem. Ref. Dala, Vol. 4, No.4, 1975 
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TABLE 162. BaO,·LaC13: Density: (g cm-S) 

Mol percent LaCla 

T 90 80 70 60 I 50 40 30 I 20 I 10 I 
I 

0 

1080 3.217 3.229 

I 

3.141 . 3.131 3.117 3.101 I, 3.082 
1090 3.213 3.225 i 

1100 3.209 3.221 3.229 
, 

1110 3.188 3.205 3.217 3.225 
1120 3.184 3.201 3.213 3.220 3.223 
1130 3.180 3.197 3.209 3.216 3.219 
1140 3.176 3.193 3.205 3.212 3.214, 
1150 3.172 3.189 3.201 5.207 3.209 
1160 3.168 3.185 3.196 3.203 3.204 3.207 
1170 3.164 3.181 3.192 3.198 3.199 3.202 
1180 3.159 3.176 3.187 3.193 3.194 3.197 
1190 3.165 3.172 3.103 3.108 3.189 3.192 

1200 3.151 3.167 3.178 3.184 3.184 3.186 
1210 3.146 3.16& 3.173 3.179 3.179 3.181 3.173 
1220 3.142 3.158 3.169 3.174, 3.174 3.175 3.168 
1230 3.137 3.153 3.164 3.169 3.168 3.170 3.162 
1240 3.132 3.149 3.159 3.163 3.163 3.164 3.156 3.144 
1250 3.127 3.144 3.154 3.158 3.158 3.158 3.149 3.137 
1260 3.123 3.139 3.149 3.153 3.152 3.152 3.143 3.131 
1270 3111.3 S.l4$.! 3.146 3146 3.127 2.l!I4 .UOS 8.090 

Two-dimensional equation and statistical parameters 
p (l + bC + eT3 + dC3 + eTCZ 

Mo.x. percent Stand. 
u b' 10' c. 1010 d' 10' e' 10· error departure of est. 

-0.22'70 
3.30441 2.65931 -1.02422 9.26544 -2.92357 (1269.2 K, 50 O.OS% 

mol % BaO.) 

These values are based on the work of Smlrnov and Stepanov (modIfied maximum bubble pressure method) [168, 79]. C mol % BaCk. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 163. BaCl ... LaCk:Density (g em-B) 

T l 90 

1070 
1080 
1090 
1100 
mo 3.193 
1120 3.189 
1130 3.184 
1140 3.179 
1150 3.174 

·1160 3.169 
1170 3.164 
1180 3.1;'9 

1190 3.154 
1200 3.150 
1210 3.145 
1220 3.140 
1230 3.135 
1240 3.130 
1250 3.125 
1260 3.120 
1270 

·1280 
1290 
1300 
1310 
1320 

Mol % LaCl. 

o 
14 
30 
45 
50 
60 
75 
90 

Mol percent LaCl. 

75 I 60 50 
I 

45 30 

3.231 i 
3.227 
3.222 
3.217 3.226 3.232 
3.213 3.222 3.228 
3.208 3.218 3.223 
3.203 3.213 3.219 
3.198 3.209 3.214 3.212 
3.194 3.205 3.209 3.207 
3.189 3.200 3.205 3.202 
3.184 3.196 3.200 3.196 
il.lllU B.I!'..! ii.195 3.191 
3.175 3.187 3.191 3.186 
3.170 3.183 3.186 3.181 3.175 
3.166 3.178 3.181 3.176 3.169 
3.161 3.174 3.177 3.171 3.162 
3.156 3.170 3.172 3.166 3.156· 
3.152 3.165 3.167 3.161 3.150 
3.147 3.161 3.163 3.156 3.143

1 
3.142 8.157, 8.156 S.lS1 8.157 

3.152· 3.153 3.146 3.130 
3.148 3.124 

3.118 

l 
Temperature.dependent equations 

p=a+bT 

a 

4.3316 
4.158 
3.942 
3.785 
3.744 
3.706 
3.732 
3.734 

14 0 

I 

3.123 3.101 
5.115 5.091 

3.106 3.081 
3.098 
3.090 
8.082 
3.073 
3.065 

b· 1()' 

-9.844 
-8.28 
-6.39 
-5.03 
-4.65 
-Un 
-4.68 
-4.87 

These values are !>ased on the work of Smimov and Stepanov 
(modified maximum bubble prcs.ur<> method) [168]. 

TABLE 164. Surface tension studies: BaCl .. LaCl. 

Investigations critically re-examined 

Ref. LaC!. Temp. range Cell rna terial Calibration Mol 0/0 (T) 

168" 14-90 1067-1321 Mo capillary Molten NaCl 
tube 

·Smimov.and Stepanov [1681 report a root·mean·square deviatiol' 
in their surface tension measurements of 0.1 dyne cm -1. 

J. Phy •• Chern. Ref. Data, Vol. 4, No.4, 1915 
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TAB'LE 155. BaC1,-LaClo: Surface tension cm- 1) 

Mol percent LaCl. 

T 90 SO 70 60 50 
I 

40 30 20 

10S5 134.9 139.6 I 

llOO 134.1 i 
13S.8 143.8 

1115 128.9 133.3 138.1 143.0 148.1 
1130 12S.1 132.6 137.3 142.3 147.4 
1145 127.3 131.8 136.5 141.5 I 146.7 
1160 126.5 131.0 135.S I 14O.S : 146.0 151.3 
1175 125.7 130.2 135.0 140.1 145.3 15D.6 
1190 124.9 129.4 134.2 139.3 144.5 149.9 
1205 124.1 128.6 133.5 I 138.6 143.S 149.2 154.6 
1220 123.3 127.9 132.7 i 137.S 143.1 148.5 153.9 
1235 122.6 127.1 131.9 137.1 142.4 147.8 153.3 158.8 
1250 121.S 126.3 131.2 136.3 141.7 147.1 152.6 158.1 
1265 13D.4 135.6 140.9 146.4 152.0 157.5 
1280 145.7 151.3 156.9 
1295 156.3 

Two·dimensional equation and statistical parameters 
'Y a + bT + cC + de3 + eTC2 

Max. percent Stand. 
a b' J02 c'101 d'105 e'I06 error departure fif pot. 

-0.23% 
183.65417 -5.28164 3.90870 -1.15911 1.89752 ( 1067.2 K; 25.0 0.12% 

mol % BaCI. 

These values are based on the work of Smirnov and Stepanov (maximum bubble pressure method) [168]. C = mol % BaCI .. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 166. BaCI.·LaCl,: 

T 90 

1070 
lOBO 
1090 
llOO 
1Il0 129.0 
1120 12B.5 
1130 128.0 
1140 127.4 
1150 126.9 
1160 126.4 
1170 125.9 
llBO 125.3 
1190 124.B 
1200 124.3 
1210 123.B 
1220 123.2 
1230 : 122.7 
1240 122.2 
1250 121.7 
1:':60 121.1 
1270 
1280 
1290 I 

1300 

I 
1310 
1320 

Mol % LaCb 

14 
30 
45 
50 
60 
75 
90 

Mol percent LaCh 

75 60 I 50 45 
I 

13B.3 
137.B 
137.3 
136.7 143.7 148.6 
136.2 ; 143.2 148.2 
135.7 142.7 147.7 
135.2 14??. 14.7.2 
134.6 141.7 1%.7 149.6 
134.1 141.2 1%.3 149.1 
133.6 140.7 145.B 148.7 
133.1 140.2 14.~.f\ 

1 
14Jl.? 

132.5 139.7 144.8 1:1-7.7 
132.0 139.2 144.4 147.3 
131.5 13B.7 143.9 l%.B 
131.0 138.3 143.4 1%.3 
130.4 137.8 142.9 145.9 
129.9 137.3 142.5 145.4 
129.4 136.8 142.0 144.9 
128.9 136.3 141.5 144.5 
12B.3 135.8 141.0 144.0 

135.3 140.6 143.5 
134.8 

i 
Temperature·dependent equations 

"I a+bT 

a 

208.2 
205.2 
202.6 
201.0 
197.9 
194.6 
187.4 

30 14 

154.9 
154.5 
154.1 
153.7 
153.2 

i 
152.B 161.3 
152.4 161.0 
152.0 160.6 
151.6 160.2 
151.2 159.8 

159.5 
159.1 
158.7 

b·l02 

-3.75 
-4.19 
-4.65 
-4.76 
-4.93 
-5.26 
-5.26 

are on work of Smirnov and Stepanov 
(maximum bub"ble pressure method) [168]. 
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u 
~ 
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<U ... 
::J 

"§ 700 
Q) 
Cl. 
E 
~ 600 

o 
Liel 

8aCb-LiCI 

BaCI2 -LiCI 

Liquid 

/S"+CI' iLiCI+ 
)Liquid 

Liquid 

20 40 60 

Mol % BaCI2 

80 

958 

100 
BaCI2 

FIGURE 15. Temperature·composition phase diagram for BaCJ.·LiCl. 

A. G. Bergman and E. I. Banshlen, Izv. Sekt. Fiz. Khil!l. 
Anal. Inst. Obshch. Neorg. Khim., Akad. Nauk. S.S.S.R., 
23,201 (1953). . 

Melt Preparation and Purification 

Smirnov et al. [251,126] and Smirnov and Khokhlov 
[155] used "chemically pure" salts. BaCb was recrystal
lized three timcs from doubly di:;tilleJ wldel; llJdr pUIH1-
cation of LiCI is described under the CsCI·LiCl system. 

Barium and lithium chloride in reference [173J were 
twice recrystallized from distilled water and dried under 
vacuum and stored in an argon atmosphere. 

TABLE 167. Electrical conductance studies: BaC!.·LiCI 

Investigations critically re·examined 

Ref. LiCI Temp. range Comments Mol 0/0 (T) 

155 0-100 1073-1273 Cell material: alundum 
crucible (containing melt) in a 

I 

sealed quartz tube; Mo 
e]ectlvLit,.; lre'l. range: 10,000 
Hz; calibration: molten LiCI 
and KCI 

DevlalIons from prevIous NSRDS recommendations: [I, p. 7] 

Ref. LiCl Min. departure Max. departure Mol 0/0 
155 0 0.0% (1260 K) 0.53% (1240 K) 

J. Phys. Chem. Ref. Data, Vol. 4, No.4. 1975 
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TABLE 168. BaCI .. LiCI: Speeifieeonduetanee (ohm- 1 em-1 ) 

Mol percent LiCI 

T 100 77.6 64.4 52.4 35.0 21.6 10.5 0.0 

1080 6.640 4.386 3.593 2.952 2.325,1 I 
1090 6 .. 679. 4.450 3.653 3.011 2.383 

I lIoo 6.716 4.515 3.713 3.071 2.440 
lIlO 6.753 4.579 3.773 3.132 2,498 
U20 6.789 4.643 3.835 I 3.194 2.556 
U30 6.824 4.707 3.897 3.258 2.613 
1140 6.858 4.771 3.961 I 3.323 2.671 2.190 
lI50 6.891 4.835 4.025 3.389 2.728 2.242 
II 60 6.92.3 4.900 4.090 3.456" 2.786 2.294 
Il70 6.954 I 4.964 4.155 3.525 2.844 2.346 
1180 6.984 , 5.028 4.222 3.594 2.901 2.398 2.070 
1190 7.014 i 5.092 4.289 3.665 2.959 2,450 2.109 
1200 7.043 5.156 4.358 3.738 3.017 2.501 2.148 
1210 7.070 5.220 4.427 3.811 3.074 2.553 2.187 
1220 7.097 5.285 4.497 3.886 3.132 2.605 2.226 
1230 I' 7.123 5.349 4.567 3.961 3.189 2.657 2.266

1 

1240 7.148 5.413 4.639. 4.038 3.247 2.709 2.305 2.118 
1250 I 7.172 5,477 4.711 4.117 .3.30512.761, 2.344

1 

2.133 
1260 7.195 5.541 4.784 4.196 3.362 2.8131 2.383 . 2.149 
1270 I 7.217 5.605 4.858 4.277 3.420 I 2.864 2.422: 2.164 

It = a + bT + cf2 

Mol % LiCI 
I 

a ! b • 1(fJ C· lOG 

0.0 0.217 I L533 0 
10.5 I -2.545 . 3.911 0 
21.6 -3.723 5.187 0 
35.0 -3.899 5.763 0 
52.4 3.746 -7.291 6.070 
64.4 2.064 -3.041 4.127 
77.6 -2.543 6.416 0 

100 -2.885 13.738 :-4.554 

These values are based on the work of Khokhlov and Smirnov 
(cI"""j""j ~(' technique). [IS5:]. 

R.f. 

. TABLE 169. Density studies: BaCI.-LiCI. 

T. 

LiCl 
Mol 'Yo 

critically re-examined 

I Temp. range Cell material 
i (T) 

126 15.0-89.8 I 875-1220 Mo or Pt capillary tube 

15Z 
Ii 

0-100 (g) i 
Pt float 

1273 

Comment: Smirnov et al. [126J using the maximum gas bubble 
pressure method were able to measure both the density and the 
surface tension 0.£ the mehs in the same apparatus. They report a 

standar4 deviation for the density measuretr\ents on all the mixtures 
of ±0.0()8 gem-a. 

J. Phys. Ch"m. R"f. Dala, Vol. 4, No.4, 1975 

TABLE 170. BaCJ,.LiCI: Density (g em -8) 

T 100.0 

880 , 1.504 
890 , 1.500 
900i 1.495 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
10lD 
1020 
1030 i 
1040 I 
1050 
1060 
1070 
1080 
1090 
lIOO '. 
1110 
ll20 
1130 
1140 
1150 
1160 
117U 
1180 
1190 
120() 
1210 
1220 i 
1230 I 
1240 
1250 
1260 
1270 

1.491 
1.486 
1.482 
1.'177 
1.473 
1.469 
1.464 I 

1.460 
1.455 
1.451 
1.446 
1.442 
1.437 
1.433 
1.428 
1.424 
1.419 

Mol % LiCI 

o 
15.0 
32.3 
46.7 
60.6 
75.0 
89.8 

100.0 

Mol percent LiCI 

89.8 75.0 60.6 46.7 32.3 

1.959 
1.950 
1.942 
1.934. 2.663 
1.925 2.654 
1.917 2.646 
1.909 2.638 
1.901 2.317 2.629 : 
1.892 2.309 2.621 
1.884 2.301 2.612 
1.876 2.293 2.604 
1.867 2.285 2.595 2.803 
1.859 2.277 2.587 2.794 
.1.851 2.269 2.579 2.785 
1.842 2.261 2.570 2.775 
1.834 2.253 2.562 2.766 
1.826 2.245 2.553 2.756 
1.818 2.2.37 2.545 2.747 
1.809 2.229 2.536 2.738 
1.801 2.222 2.528 2.936 

2.927 
2.919 
2.910 
2.901 
2.892 
:1.884 

2.875 
2.866 

I 

2.858 

Temp"~~ture.depende"t equation. 

I 

p=a+bT 

a 

4.3316 
3.977 
3.868 
3.735 
3.430 
3.069 
2.689 
1.8965 

I 

: 

15.0 

3.049 
3.041 
3.033 
3.025 
3.017 
3.009 
3.001 

0.0 

I 

.. 3.111 
3.101 

I 3.091 
i 3.081 

b • 10' 

-9.844 
-8.00 
-8.71 
-9.41 
-0.43 
-7.92 
-8.30 
-A458 

These values are based on the work of Smirnov et aJ. (modified 
maximum bubble pressure method) [126]. 
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PROPERTIES OF CHLORIDES AND MIXTURES 

171. Viscosity studies: BaCI •. LiCI 

Investigations critically re.examined 

LiCI 
Mol % 
15-89.8 

Temp. range 
(T) 

1010-1290 

Comments 

Cell material: Mo sphere, steel 
suspension wire; Pt or Mo 
crucihle containing; melt in 
quartz tube; calibration: 
organic liquids and fused NaCI 
used to check reliahility of 
apparatus 

T 

1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 

, TABLE 172. BaCI,·LiC]: Viscosity (ep) 

89.8 75.0 60.6 46.7 32,0 

1.33 2.11 
1.30 1.54 2.07 
1.28 1.52 2.03 j 
1.26 1.49 1.99 
1.23 1.46 1.95 
1.21 1.44 1.92 

i 
1.19 1.41 1.88 2.81 
Ll7 1.39 1.85 2.74 

941 

15.0 0 

Comment: A brief discussion of the experimental approach of 
Smirnov and Khokhlov [173] is given under the CsCI.LaClo system. 

1090 
1100 
1110 

1.15 
1.13 
1.12 

1.37 1.82 2.67 
1.35 1.79 2.60 
1.33 1.76 2.54 

T 100 89.8 

880 141.87 145.89 
900 140.21 144.29 
920 138.56 142.69 
940 136.90 141.09 
960 135.24 139.50 
980 133.58 137.90 

ll20 1.10 
1130 L08 
1140 1.07 
1150 1.05 
1160 1.03 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 

1250 
1260 
1270 
1280· I 
1290 i 

1.31 1.73 2.48 
1.29 1.70 2.43 3.13 
1.27 1.67 2.37 3.06 
1.25 1.65 2.32 2.99 
1.23 1.62 2.27 2.92 
1.21 1.60 2.22 2.85 

2.17 2.79 
2.13 2.73 
2.09 2.67 
2.04 2.61 
2.00 2.56 

2.51 
2.46 
2.41 

Temperature·dependent equatIOns 
'1/ = A • exp (E/RT) 

3.82 
3.71 
3.61 
3.51 
3.41 

} 

I 

3.32 I 

3.24 
3.16 

:UH 
3.67 
3.54 
3.41 
3.29 . 

3.18 

:\101 % LiCI A'102 E Standard 
(cal mo]-l) deviation 

0.0 3.570 11507 0.Ql8 
15.0 13.508 7701 0.03 

32.0 20.147 6161 0.03 
46.7 18.155 5821 0.Q4 
60.6 25.252 4469 0.03 
75.0 2ll5£il 3810 0.02 

89.8 18.963 3909 0.02 

These values are based on the work of Smirnov and Khokhlov 
(oscillating pendulum method) [173]. 

TABLE 173. Surface tension studies: BaC!,·LiCl 

Investigations critically re·examined 

Ref. LiCI Temp. range 'Comments 
Mol % (T) 

251 15.0-89.8 1073 Cell material: Mo capillary, 
melt contained in Pt crucible: 
calibration: molten NaCl 

TABLE 174. BaCI.·LiCl: Surface tension (dyn em-I) 

Mol percent LiCl 

75.0 60.6 46.7 32.3 15.0 0 
; 

I 
, 

153.10 
151.75 

139.37 150.40 
137.78 149.05 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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T 
, 

]00 

1000 131.92 
1020 

i 
130.26 

1040 128.60 
1060 126.94 
1080 
1100 
1120 
114'() 

1160 
1180 
1200 
1220 

1260 
1280 
1300 
1320 
1340 
1360 

:.vIol % Lie! 

0 
15.0 
32.3 
46.7 
60.6 
75.0 
89.8 

100 

JANZ ET AL. 

TABLE 174. BaCL·LiC!: Surface tension (dyn cm.-l)-Continued 

89.8 

136.30 
134.70 
133.10 
131.51 

Mol percent Lie] 

75.0 I 60.6 46.7 

136.20 147.70 152.80 
134.62 146.35 151.64 
133.03 145.00 150.47 
131.45 143.65 149.31 

Temperature·dependent equallon 
'Y= a + bT 

a b • 102 

216,1 _3,81 

216.6 -4.50 
214.5 -5.28 
211.0 -5.82 
215.2 -6.75 
215.4 -7.92 
216.2 -7.99 
214.86 -8.294 

32.3 

157.48 
156.42 
155.36 
154.31 

153.25 

15.0 0 

164.40 
163.50 
162.60 
IG1.70 

168.09 
167.33 
166.57 
165.81 
165.05 
164.28 

Standard deviation 

0.3 
0.1 
0.2 
0.2 
0.1 
0.2 

These values are based on the work of Smll"nov et al. (maxlmum bubble pressure method) [25] J. The temperature ranges were a8sumed to 
be the same as given for the density data in [25] I. 

1000 
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FIGURE 16. Temperature·composition phase diagram for BaCl,· 
:lIgC],. 

C. Sandonnini, Atti della Reak. Acad. dei Lincei, (5), 
21, 11, 63·1· (1912). 

J. Ph)", Chern. Ref. Data, Vol. 4, No.4, 1975 

Melt Preparation and Purification 

HubE'T et a1. [30] used c.P. analytical grade barium 

chloride and prepared magnesium chloride from purified 
PbCI~. A slight excess of magnesium metal was added to 
the PhCI~ in a bomb which was rotated for 00 minutes Ht 

725°C and subsequently placed in an upright position to 
permit the lead·magnesium alloy to separate from the 
molten MgCI~. Analysis of the MgCl~ indicated the melt 
to be at least 99.75) pure. 

Reding [ISO, 241] dried Baker and Adamson reagent 
grade BaCI~' 2H~O under vacuum for 12 hours at 200°C 
and then for 5 hours at 500 °C. The MgCh, obtained 
from the core of anhydrous MgCb cakes (purchased from 
titanium and zirconium dealers): was given the same dry
ing treatment as BaCh. 
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TABLE 175. Electrical conductance studies: BaCI.·MgCl. 

Investigations critically re·examined 

Ref. I MgCl. I Temp. range Comments 
i Mol % i (T) 

30 0-100 998-1354 Cel! material: silica; Pt 
electrodes; freq. range: 1000 
Hz; calibration: saturated 
NaCI solution 

ISla 0-60 (g) 1073 

167 35.4-100 973-1173 

Deviations from previous NSRDS recommendations: [1. pp. (\ 7J 

Ref. MgCI. Min. departure Max. departure Mol % 

30 100 -0.26% (1242 K) -1.72'70 (1064K) 

167 100 -0.25% (1073 K) -5.4% (lI73K) 

30 0 -5.0% (l273K) -6.9% (1351 K) 
.. nEqUlvalent.conductance vs. % composItion was Il:JVen In tHaphlcal 

form. 
Comment: Brief remarks concerning reference [30] are given 

under the system CaCI.·KCl. 

TABLE 176. BaCb·MgCh: Specific conductance (ohm- 1 em-I) 

T 

1000 
1020 
1040 
1060 
1080 
1I00 
1I20 
114(1 
1160 
1180 
1200 
1220 
1240 
1260 
1280 
1300 
1320 
1340 

Mol % MgCI. 

0 
35.5 
44.4 
68.6 

100 

100 

1.03 
1.07 
1.10 
1.11 
U8 
1.22 
1.26 
1.99 

1.33 
1.37 
1.41 
1.45 
1.49 

Mol % MgCb 

68.6 

1.63 
1.67 
1.72 
1.76 
1.81 
l.S5 
1.89 
1.93 
1.97 
2.01 
2.04 
2.08 
2.1I 
2.15 
2.18 
2.21 

44.4 

1.75 
1.80 
1.84 
1.88 
1.93 
1.97 
2.01 
2.05 
2.10 

2.14 I 
2.18 

35.5 

1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.09 
2.14 

Temperature.dependent equations 
a + bT+ cT2 

a I b. 103 C· lOG 
I 

-9.4111 14.8879 -4.6173 
-1.0464 2.4160 0 
-0.6872 2.1417 0 
-2.3019 5.2045 -1.3706 
-0.8790 1.9065 0 

0 

2.02 
2.08 
2.14 
2.20 
2.25 

Stand. 
error 

of cst. 

U.)!ts'7o 
0.81% 
1.27'70 
0.24% 
0.39% 

These values are based on the work of Huber, Potter and St. Clair 
(classical ac technique) [30]. 

Ref. 

30 

150 

157' 

Ref. 

30 
150 
167 
30 

167 
167 

30 i 
167 

. TABLE 177. Density studies: BaCl.·MgCI. 

Investigations critical1y re·examined 

MgO. Temp. range Comments Mol 'fo (T) 

0-100 977-1323 Cell material: solid and hollow 
fused·silica balls containing 
tungsten powder 

19.6--100 1023-1198 Cell material: Tungsten sinker 
and Pt suspension wire (melt 
comalned In stainless steel 
crucible) ; calibration: water 

0-95.2\ 

and CCI. 

1073,1023 

Comparisons with NSRDS recommendations 
[1, pp. 6, 7 and this volume] 

MgCI. Max. departure Min. departure Mol 'fo 

100 I 0.49'70 0060 K) 0.66'fo (1020 K) 
100 0.84'fo (1040 K) 0.86% (1160 K) 
95.2 -1.4% (1073K) 
69.1 1. 7'fo (1073K) 
69.1 -0,04% (1073 K) 
19.6 -0.33% (1173 K) 
0 -3.7% (I260K) -3.9% (l280K) 
0 U.~)!ro 1l)!7::S K) 

'Density values for the 19.6 and 0 mol 'fo mixtures were reported 
at temperatures of 1173 K and 1273 K, respectively. 

Comments: Reding [150] applied corrections for the surface ten· 
sion of the melt and for the variation of the volume of the sinker 
with temperature. To ·prevent salt vapors from condensing on the 
suspension wire during a run, argon gas was passed through a 
guide tube that surrounded the wire. 

J. Phys. Chern. Ref. Dot", Vol. 4, No.4, 1975 
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7' 

1030 
1040 
1050 
lOGO 
1070 
1080 
1090 
llOO 
1110 I 

1120 
1130 
1140 

1150 
1160 
1170 
1180 
1190 

TABLE 178. 

100.0 

1.679 
1.676 
1.673 
1.670 
1.667 
1.664 
1.661 
1.658 
1.655 
1.652 
1.649 
1.(41) 

1.643 
1.640 
1.637 

' 1.634 
1.631 

Mol % MgCl, 

95.2 86.8 68.6 

1.80] 1.977 2.351 
1.797 1.973 2.344 
1.793 1.968 2.338 
1.790 1.963 2.331 
1.786 1.958 2.325 
1.783 1.954 2.319 
1.779 I 1.949 2.312 
1.775 ; 1.'144 Z.3Ufl 

1.772 1.940 2.299 ! 

1.768 1.935 2.293 
1.765 1.930 2.287 
1.761 1.925 2.280 

I 1.757 1.921 2.274 
I 

1.754 1.916 2.267 
1.750 1.911 i 2.261 
1.747 1.907 2.255 

i 1.743 1.902 
! 

; 2.248 

Temperature·dependent equatIons 

a+ bT 

Mol 70 l\fgCl, a 

19.6 3.836 
42.2 3.569 
68.6 3.010 

86.8 2.461 
95.2 2.171 

100.0 1.988 

JANZ ET AL. 

42.2 I9.r. 

2.791 3.105 
2.789 3.097 
2.782 :~.090 

2.774, 3.083 
2.767 3.076 
2.750 3.069 
2.752 3.062 
Z.N4 3.055 

2.737 3.048 
2.729 3.041 
2.722 .3.034 
2.714 5.026 

2.707 3.019 
2.699 3.012 
2.692 3.005 
2.684 2.998 
2.677 2.991 

b' 10' 

-7.1 
-7.5 
-6.1 

-4.7 
-3.6 
-3.0 

T !>BtE 179. Viscosity studies: BaC],·l\1gC]' 

critically fe·examined 

Ref. 
. MgC]'! T (T)angc Comments 

Mol % i 

151 0-100' 97.3-1358 Cell material : Pt sphere and 
Pt crucible; calibratio::1: method 

tested on molten NaNO" KCl 
and with solutions of water, 

nitrobenzene and aniline 

Deviations from previous NSRDS recommendations [1, p. 7] 

'Graphical except lor pure ~aI!5. ' 
Comment: Corrections were applied for the volume expansion of 

the platinum sphere and ior the friction in air of those parts of the 
suspension system projecting from the melt. The precision of the 

viscosity measurements was reported to be :±:5'lo [151]. 

These values are based on the work of Red!ng (Arch!medean 

mcthod I [150]. 

T 

1010 
1030 
1050 
1070 
1090 
1110 
1130 
1250 
1270 
]290 
1310 
1330 
1350 

TABLE 180. 

Mol % MgCl, 

100 

2.15 
2.04 
1.93 
1.84 
1.75 
1,67 
1.60 

Temperature·dependent equations 
'i = a + bT + cT2 + dT3 

"1 = A' exp (E/RT) 

These values are based on the work of Bondarenko and Strelets (oscillating sphere method) [151]. 

J, Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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3.92 
3.65 
3,43 
3.24 
3.09 
2.9B 
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181. BaCb-MgCl,: Viscosity 

913K 1023 k .. 1073 K 

0 2.03 1.83 
10 2.43 2.03 1.81 
20 2.60 2.15 1.95 
30 .2.91. .2.13 2.16 

40 3.46· 2.84 2.47 
50 ~57 3.50 2.87 

60 4.53 3.56 

These values have been interpolated to three significant figures 
{rom the graphical presentation of· Bondarenko and Streiet. 
(oscillating sphere method) [ISH 

T""tE 182. S;'dace tension .tt;'die., B"C],-MgCI. 

..:.: •• 11. . .l 
~,,~~~'" 

Ref. MgCI. Temp. range Comments MQl% (T) 

241 25--1.00 1\)23-1198 Cell material: Pt.lO%Rh 
capillary and graphite crucible; 
calibration: capillary diameter 

I 

measured microscopically 

167 0-100 ·973-1273 

from previous NSRDS , 
[2, pp. 59, 60] 

Ref. 
I MgCl.· Min. departure . Max. departure Mol 0/0 

241 100 7.9% (1193 K) 9.0% (l033 K) 

167 100 1.50/0 n073 K) 

167 0 I, -0.25% (1273 K) 

Comment: Bondarenko and Streletsll67] reported surface tension 
values at 800°C and isotherms at 750 °C but gave no exact tempera 
tllre range for Ihe niixtures studied. 

TABLE 183. BaCl.·MgCl,; Surface tension (dyn cm- 1 ) 

l' 100.0 80.0 60.0 40.0 25.0 

1030 72.5 85.4 101.9 122.0 ' 145.4 
1040 
1050 
1060 
1()7() 

1080 
1090 

1100 
1110 
ll20 
1130 

·.1140. I' 

1150 

~~~~ I· 
1180· 

1190 

72.~ 
n.:l 
72.0 

71.9 
71.7 
n.d 
71.4 
71.2 
71.1 - . .0.9 

70.8 
70.6 
70.4 
70.3 

70.1 
70.0 

I 
I 

85.0 
84.7 
84.3 
MJ) 
83.6 
8().3 

82.9 
82.6 
82.2 
01.9 

81.5 
81.2 

BO.B 
ao.s 
80.1 

79.8 

101.5 
lOLl 
100.7 

100.3 

99.9 
99.5 

99,1 
98.7 

98.3 
97.9 
97.5 
97.1 
96.7· 
96.3 

95.9 
95:5 

I 

121.6 
121.2 
120.7 
120;3 

119.9 
119.5 

119.1 
118.7 

118.3 
117.9 

117.5 
117.1 
116.6 
11".2 
115.a 
115.4 

Temperature.dependent equations 
'Y = u; + bT 

Mol % MgClo a b'l()2 

25.0 
40_0. 
60.0 
80.0 

100.0 

217.5 
164_2 
143.1 
121.4 

89.0 

-7.0 
-4_1 
-4.0 
-3.5 
-1.6 

144.7 
144.0 
143.3 

142.6 
i41.9 
141.2 

140.5 
139.8 
139.1 
138.4 
137;7 
137.0 
136.3 

.135.6 
134.9 
134.2 

Theso values nrc based on :the work ·01 Reding (maximum bubb10 

pressure method) [241]. 

BaCb-NaCI 

1000 BaCI 2- Nael 

~ 800 
:l 

E ., 
Co 
E 
~ 

600 

o 
NaCI 

40 60 

Mol % BoCI2 

o 0 0 

60 100 
BaCI2 

FIGURE 17. Temperature-composition phase diagram fOlr BaCl;'NaQ 

H. Gemsky, Neues Jahrb. Mineral., Geo!., PalaontoL, 
Beil. Band., 36, 513· (1913); J. Chern. Soc. U.ond.) , 
106, 51 (1913]. 
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Melt Preparation and Purification 

Vereshchetina and Luzhnaya [34] used "reagent grade" 
3alt3 which wele twke lelOlY"lHlli:teo frum water. Lantratov 
and Moiseeva [74] used reagent grade materials without 
further purification. To remove traces of oxides and water 
BaCI2 was heated in a current of HC! at 500-800 °C and 
NaCI was fused in an atmosphere of HC!. Mixtures were 
prepared by fusion of weighed quantities of the salts in 
the measurement cell. Thoroughly dried HCl gas was 
passed through the molten mixtures prior to experimental 
measurements. 

Sokol ova and Voskresenskaya [233] used "chemicaliy 
pure" salts, recrystallized three times, dried at 250°C: ani! 
stored over P20 .. , Barzakovskii [63] kept the molten 
recrystaIHzed salts in a porcelain crucible under dry 
HCl gas for 2-3 hours prior to use. Alabyshev and 
Kulakovskaya [20] used "chemically anhydrous" salts 
which were purified by an unspecified method. 

TABLE 184. Electrical conductance studies; B~CI,.NaCI 

Investigations critically re·exall1inp.d 

Ref. NaCl 
Mol % 

20' 0-100 (g) 

24' 0-100 

34b 40.0-100.0 

44' 40-100 (g) 

63 0--100 

Temp, range 
(T) 

1073-1373 

1073, 1173, 1273 

953-1113 

953-1113 

944-1407 

Comments 

Cell material: quarlz; 
calibration; molten KCI at 
800°C 

Cell material; Pt; PI 
electrodes; freq. range; 
300-1000 Hz; calibration; 
IN KCI and 30% H,SO. 
solution 

74' 40-100 (g)! 1023-1113 

151" 47-100 (g) 1073 Cell material: quartz; 
calibration; 30% H.SQ, 
!:Iululivu 

167 47-100 1 023-11 73 , Cell material and calibra. 
tion: as for 151 

Comparisons with NSRDS recommendations II, pp. 4,7 and 

this volume] 

Ref. NnCl Min. departure Max. departure 
Mol 0/0 

34 100 -2.4% (1113 K) -2.8% (1073 K) 
24 100 -2.7% (ll73 K) -3.1% (1273 K) 

63 100 -0.4% (1089 K) -3.1% (1273 K) 
167 100 -2.3% (1123 K) -3.1% (1173 K) 

34 64.6 0.6% ( 953 K) -8.3?"o (l1l3 K) 
24 0 -5.9% (1273 Kl 

63 0 -5.5% (1245 K) -7.2% (1357 K) 

, Data from reference [63). 
b Vereshchetina and Luzhnaya [34J found their quartz conductance 

vessels to be attacked by the melt at high temperatures. 
, Data from reference [34]. 
d Data from reference [167]. 

J. Phy •• Chem. Ref. Data, Vol. 4, No.4, 1975 

TABLE .. 185., BaCb·NaCl; Specific conductance (ohm- I em-I) 

T 'lO0 

960 
980 

1000 
1020 
1040 
1060 
1080 
llOO 3.64 
ll20 3.71 
1140 3.76 
1160 3.81 
1180 3.06 
1200 
1220 
1240 
1260 
1280 
1300 
1320 
1'W) 

1360 
1380 
1400 

Mol percent NaCl 

87 76.05 61.6 52 32.5 

1.78 
1.87 
1.96 

2.39 2.0:' Ulil 
2.45 2.13 1.91 
2.51 2.21 1.98 

2.86 2.57 2.29 2.05 
2.92 2.63 2.36 2.12 
2.98 2.68 2.43 2.19 
3.03 2.73 2.50 2.26 
3.09 2.78 2.56 2.32 2.17 
3.14 2.83 2.62 2.38 2.25 
3.19 2.88 2.67 2.44 2.33 
3.23 2.92 2.73 2.50 2.40 
3.28 2.97 2.78 2.56 2.47 
3.32 3.01 2.02 2.61 2.J3 
3.36 3.05 2.86 2.66 2.59 
3.40 3.08 2.90 2.71 2.64 
3.43 2.69 
3..47 2.7?. 

3.50 
3.53 

Temperature·dependent equations 
K:::: a + bT + cP 

16.5 0 

2.02 
2.09 
2.16 
2.23 2.01 
2.29 2.08 
2.35 2.14 
2.41 2.18 
2.16 2.2.? 

2.52 2.26 
2.57 
2.61 

Stand. 
Mol % NaCI a b' 10 2 C. lOB error 

of ~~l. 

0 -18.4596 2.9011 -10.1297 2.47% 
16.5 - 7.5250 1.2250 - 3.5782 0.65% 
32.5 -11.2053 1.8833 - 6.2943 0.8:~% 
52 - 4.()il:lY U.tR154 - 2.4643 0.40% 
64.6 - 0.6683 1.2884 - 4.2384 0.62% 
76.05 3.3793 0.8140 2.4368 1.33% 
87 - 3.7821 0.9225 2.8480 0.31% 

100 -10.9807 2.3203 - 9.0085 0.36% 

These values are based on the work of the work of Barzakovskii 
(classical ac technique) [63]. 

TABLE 186. Density studies; BaCI,·NaCl 

Investigations critically re·examined 

Ret NaCl Temr range 
Mol % T) 

22" 0,16 1238-1378 
24 0, 35, 50, 65, 80, 100 1073, 1173, 1273 
34 40.0-100 981-1129 
44b 40-75 (graphical) 998-1073 
89' 0-100 (graphical for mixtures) 973-1273 

152· 40-100 (graphical) 1073 

Deviations from previous NSRDS recommendations [1, pp. 4, 7] 

Ref. 
NaCI Min. departure Max. departure 

Mol % 

34 100 -1.40/0 (1095 K) -1.5% (1123 K) 

24 100 -0.330/0 (ll73 K) -1.7% (1273 K) 

22 0 0.020/0 (1243 K) -0.19% (1323 K) 

24 0 -1.4% (1273 K) 

• A platinum sphere was used as a float in the investigations 
[22, 891. Bukhalova and Yagub'yan [89J do not report a temperature 
range for the single salt density equations. 

b Data from reference [34]. 
c Dat~ from reference [89]. 



, 
'1 

J 

T 100 89.0 82.0 81 

990 
1000 
1010 
1020 
1030 
1040 
1050 [1.829J [1.992] 
1060 [1.826J [1.989J 2.019 
1070 [1.823] [1.987] 2.013 
1080 1.535 2.007 
1090 1.528 2.002 
1100 1.522 1.996 
1110 1.51S 1.990 
1120 1.509 1.984 

Mol % NaC! 

40.0 
47.0 
54.0 
57.5 
60 
61.0 
64.5 
67 
68.0 
71.5 
74 
75.0 
81 
82.0 
89.0 

100 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 187. BaCI.:NaCI: Density (g em-a) 

Mol percent NaCI 

75.0 74 7l.5 68.0 67 64.5 

2.384 
2.203 2.287 2.349 2.376 2.417 
2.198 2.280 2.342 2.368 2.408 
2.194 2.272 2.336 2.360 2.399 
2.189 2.265 2.330 2.352 2.390 
2.184 2.258 2.323 2.343 2.381 
2.180 2.251 2.317 2.335 2.373 
2.175 2.188 2.244 2.310 2.327 2.364 
2.170 2.184 2.236 2.304 2.319 2.355 

2.181 2.311 
2.177 2.303 
2.173 2.294 
2.170 2.286 

Temperature-dependent equations 
. p =a + bT 

a b • 10 8 

3.6349 -0.8399 
3.6532 -0.9586 
3.7199 -1.1645 
3.2956 .-0.7440 
3.4208 -0.9123 
3:2735 -0.7840 
3.3000 -0\0840 
3.1909 -0.8150 
2.9889 -0.6400 
3.0067 -0.7200 
2.5799 -0.3698 
2.6709 -0.4680 
2.6378 -0.5837 

[2.2436J [-0.2400] 
(2.1654) [-0.3200) 
2.2259 -0.640 

61.0 

2.490 
2.482 
2.474 
2.466 
2.458 
2.450 
2.442 
2.435 

947 

60 I 57.5 54.0 47.0 40.0 

2.518 
2.509 2.552 2.615 
2.499 2.544- 2.604 
2.490 2.537 2.592 
2.481 2.529 2.580 
2.472 2.522 2.569 
2.463 2.514 2.557 2.647 2.753 
2.454- 2.507 2.546 2.637 2.745 
2.445 2.500 2.534 2.628' 2.736 
2.436 2.522 2.618 2.728 
2:426 2.511 . 2.608 2.7i9 
2.417 2.499 2.599 2.711 

2.487 .2.S89 2.703 
2.476 2.580 2.694 

Stdnd. CJ,-Ior 

of est. 

0.15% 
0.19% 
0.12'70 
0.01% 
0.09% 
0.01% 
0.02% 
0.06% 
0.00% 
0.000/0 

' 0.010/0 
0.010/0 
0.09% 
0.00% 
0.00% 

I 0.00% 
These values are based on the work of Vereshchetma and LUZfinaya (Archimedean method) [34J. 

TABLE 188. Viscosity studies: BaCI,·NaCI . 

Investigations critically re-examined 

Ref. NaCl 
Mol 0/0 

24 0,25, SO, 
75,90,100 

34,140-100 

151" 0-100' 

Temp. range 
(T) Comments 

1073, 1173, 1273 

998-1148 Cell material: Pt sphere 
with Pt suspension rod 
"nr.lo."rl ;n " gIn •• tuh,,; 

calibration: method tested 
using molten NaNO. 

973-1358 Cell material: Pt sphere, 
.Pt crucible; calibration: 
water, nitrobenzene, aniline 
at room temperature; KCI 
and NaNO, at high 
temperature 

TABLE 188. 

Deviations from previous NSRDS recommendations: [1, pp. 4,7J 

Ref. NaCl Min. departure Max. departure Mol % 

34 100 S.3% (1148 K) 6.3% (1098 K) 
24 100 0.30/0 (1173 K) 

151 100 -6.3% (1231 K) -16.0% (1128 K) 
24 0 i3.00/o (1273 K) 

151 0 -9.1 % (1309 K) -20.9% (1270 K) 

• Vereshchettna and Luzhnaya [34] and Bondarenko and Strelets 
[151] applied corrections for the volume expansion of platinum and 
to the decrement of the damped oscillation .of the suspended system 
in air. The accuracy of the viscosity determination was checked by 
measuring the viscosity of molten NaNO.; the obtained data agreed 
to ±2% with literature values. 

b Mixtures reported graphically; 

•. rnY$· ~h.m. Rot. DCltQ, Vol. 4, No.4, 1'17:1. 
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T 

1000 
1010 
1020 

1030 
1040 
1050 
1060 

1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 

TABLE 189. BaCh·NaCI: Viscosity (cp) 

Mol percent NaC! 

100 81 74 67 60 54 

3.18 3.38 , 3.98 4.51 
3.04 3.25 3.1l1 4.28 
292 S 13 SCi!; 4.0Ci 

2.58 2.1l0 3.02 3.49 3.87 
2.47 2.69 3.92 3.35 

3.
68

1 2.37 2.58 2.82 3.22 3.51 
2.20 2.49 2.73 3.10 3.36 
2.20 2.40 2.66 2.99 3.23 
2.12 2.32 2.59 2.90 3.11 
2.04 2.25 2.53 2.81 3.00 

1.12 1.9B 2.19 2.4B 2.74 2.92 
1.36 1.92 2.14 2.44 2.68 2.85 
1.30 i 1.86 2.10 2.40 2.64 2.BO 

1.25j 1.82 2.08 2.3B 2.60 2.77 
1.20 1.78 2.04 2.37 i 2.58 : 2.75 

Temperature·dependent equatIOns 
7J = a + bT + cT2 -i- dT3 

7J = A • exp (E/RT) 

47 

4.05 
3.87 
3.71 
3.66 
3.43 
3.30 
3.19 
3.10 

3.02 
2.96 
2.91 
2.BB 

Mol % NaC! a b • 10 2 c·10" d·10 8 

40 45.2315 - 2.5851 - 5.0127 3.5409 
47 -27.5715 Hl.5U3/ -2::1.2516 9.9680 
54 4B.0262 1.2149 - 8.273B 5.1366 
60 36.B416 - 1.1175 - 5.B275 3.6593 
67 32.6395 - 2.1266\ - 3.1961 2.3969 
74 34.6255 - 2.7972 2.4482, 2.1007 
81 33.1327 3.5723 0.6575 1.2093 

40 

I 3.81 
3.GB 
3.56 
3.45 
3.35 
327 
3.20 ' 

3.15 
3.10 
3.0B 

Stand. 
error 
of est. 

O.BB% 
1.520/0 
1.910/0 
1.310/0 
0.620/0 
1.04% 

0.68% 

Comment: For ]00 mol % NaCl, A = 1.]34 X 10- 2, E = 10553 
cal mol-I; standard error of estimate = 1.580/0. 

These values aTe based on the work of Vereshchetina and Luznaya 
(oscillating spperemethod) [34]. 
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Ref. 

167 

233' 

244 

250 

Ref. 

250 
250 
250 

233 
260 

TABLE' 190. Surface tension studies: BaCI.·NaCI 

Investigations critically re·examined 

NaCI Temp. range Comments 
Mol % (T) 

0-]00 1073 

0-100 1075-1273 Cell material: Pt·Rh capillary 
(melt container) ; calibration: 
capillary diameter determined 
with microscope, checked with 
meastirements 011 water anu 

molten NaCI 

0-100 (g) 1075-1175 

0,10,20, 1173,12"3 
50,65,80, 

1 90,100 

Comparisons with NSRDS recommendations: 
,[2, pp. 57, 60 and this volume] 

NaCl Min. departure Max. departure Mol % 

100 0.2% (1173 K) 

80 0.4% (1173 K) 

50 4.4% (1173 K) 
0 2.4% (1239 K) 3.2% (1273 K) 
0 5.20/" (1273 K) 

'Sokolova and Voskresenskaya [233] corrected for the depth of 
immersion and thermal expansion of the capillary. The temperature 
variation of the surface tension of mixtures containing large quanti. 
ties of NaC! was,not Investigated above 900·C due 10 compositional 
changes arising from evaporation of NaC!. The experimental error 
reported was within ±l%. 
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TABLE 191.. BaCI"NaCI: Surface tension (dyncm-!) 

Mol percent NaCI 

T 100 80 70 " 50 40 30 20 0 

1080 113.5 122.0 126.5 132.7 
1090 112.8 121.3 126.0 132.1 
1100 112.1 120.7 125.6 131.5 I 
1110 111.4 120.0 125.1 130.9 145.3 
1120 lIO.7 ll9.4 124.6 130.3 144.7 
1130 109.9 11B.B 124.1 129.7 144.1 
1140 109.2 llB.1 123.7 129.1 143.5 
1150 108.5 117.5 123.2 128.5 . 142.9 
1160 107.8 I 116.8 122.7 127.9 142.3 
1170 107.1 116.2, 122.2 127,3 141.7 149.3 
1180 106,3 115.6 :121.7 126.7 141.2 148.8 
1190 ]05.6 121.3 126.1 140.6 14B.3 156.1· 
1200 104.9 140.0 147.7 155.5 
1210 104.2 139.4 147.2 154.7 
1220 i 103.5 i l31l·1l

1 

146.5 154.1 I 
1230 . 102.7 138.2 146.0 153.5 
1240 102.0 
1250 
1260 
1270 i 

137.6 

Temperature·dependent ~quation5 

'Y=ti+bT 

169.1 
168.7 
1(,8.::1 

167.6 

::'tarid. 
Mol % NaCI a b. 102 error 

of est. 

0 214.2 -3.6 0.12% 
20 ?!l!,;4 __ h 7 o 90o/~ 
30 213.8 ..... 5.5 ·0.14% 
40 210;7 -5.9 0.230/0 
50 197.1 -6.0 '0.10% 
7() . 178.3 -4.8 . 0.100/0 
80 191.3 -6.4 0.20% 

LUO 191.2 -7.2 0.18% 
These values' are based im- .·the ,wolko! -Sokolova and Voskresen. 

skaya (maxi~um bubble pressure method) [233J. 

BQ~I2-PbClz 

I I' 

400 -. -

O. 20 40 60 80 100 
BaCIj! PbCl2 

Mol % PbClz 
PIGune 18. Tcmpcraturc.compooitio;" phaoe diagram for Bne}'. 

PbCl •. 

F. Hoffman, NJues Jahrh. Min. Aht., Beil Bd., 55, 
149 (1926). 

l!.. 1. .l)anashek, hvest. Sektora Ihz.·Khim. Anal ·Akad. 
Nauk, S.S.S.R., 20, 109 (1950). Translation Monthly 
R-4044 (1958). 

S. D. Gromakov, Zhur. Fiz·Khim., 24, 641 (1950,. 

Melt Preparatic:.n and Purification 

Boardman et aJ. [26] used analytical reagent purity 
salts and their mixtures were analyzed for total chloride. 

Lantratov and Alabyshev [165] used "chemically pure" 
grade barium and lead chloride. The salts were recrystal· 
lized from their hydrochloric acid solutions and traces of 
oxide and water were removed by heating the salts in a 
current of dry Hel at 500-800 c C. 

TABLE 192. Density studies: BaCI"PhCI, 

lnveotigalions critically re·examined 

Ref. PbCb Temp. range Cell material I Calibration Mol 0/0 (T) 

9. 0...,.100. 795-1013 . Pt bob . . \ Water (11°C) 
.26 
165 

69.4-100 789~983 Silica dilatometer . Molten AgNO. 
40 873--973 

Gompansom wlth NSRDS recommendatlons: 
[1, p. 13 and this volume] 

Ref. I'1,CI. Min. departure '1 Max". departure 
Mol ct" 

9 100 -0.760/0 (940 K) . :-0.900/0. (800 K) . 
9 100 -0.72%,(950 K) -0~90% (800K) 

Comment.:. Boardman et al. l2bj have stated that tlleArctnmedean 
method of determining densities may give values which are too low. 
when the ~alt is somewhat vol~tile, due to condensation on the 
suspension .wire, 

TI,,: t1t:II.ily ."lu~. of td. [26]' £01' pUl"e l'LC)' "'"C .tho~c rcco".." 

mended.inNSRDS-L 

TABLE 193. BaC1,.·PhClo: Density (g em-S) 

T 

790 
800 ' 
810 
820 
830 • 
840 
850 
860 
870 
SSO 

890 
900 
910 
920 

1 930 : 
940 
950 
960 
970 
980 

Mol %PhCI. 

100 
86:2 
80.S 
69.4 

Mol percent PbCI. 

100 86.2 80.3 

4.927 
4,912, 
4.897 
4.B82 
4.867 
4.852 4.005 
4.837 4.651 4.572 
4.822 4.638' 4.558 
4.807 4.624 4.544 
4.792 4.611 4.531 

4.777 

I 
4.597 4.517 

4.762 4.584 4.504 
4.747 4.570 4.490 
4.732 4.557 4.476 
4.717 4.543 4.463 
4.702 4.530 4.449 
4.687 4.516 4.436 
4.672 4.503 4.422.' 
4.657 4.489 
4.642 . 

Temperature·dependent equations 
p::::a+ bT 

a 

6.112 
5.799 
5.720 

5.503 

69.4 

4.309 
4:297. 
lL284 . 
4.271 
4.258 

-1.50 
-1.35 
-L3G 

-1.27 
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10.. 
Q) 
CL 
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Q) 
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BaCb-RbCI 
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Mol % BaCI2 

80 100 
BaCI 2 

FIGURE 19. Temperature.composition phase diagram for BaCl.·RhCI. 

S. D. Gromakov, Zh. Fiz. Khim., 24,641 (1950). 

Melt Preparation and Purification 

In their surface tension studies, Bertozzi and Soldani 
[244] used carefully dried Merck and B.D.H. salts of 
analytical purity without further purification. 

Ref. 

[244]' 

TABLE 194. Surface tension studies: BaCh-RbCl 

Investigations critically re·examined 

RbCl 
Mol 0/0 

Temp. ranae 
(T) 

0-100 (g) 1123 

'These authors report a reproducibility -of 0.50/0 in their surface 
tension measuremems. 

TABLE 195. BaCl ... RbCl: Surface tension (dyn em-I) 

Mol % RhCI 1123K Mol % RbCl 1123K 

0 06 (j0 116 

10 91 70 124 
20 95 80 136 
30 100 90 155 
40 105 100 184 
50 no 

These values have been interpolated to three significant figures from the graphical presentation of BeI10zzi and Sold ani (Wilhelmy slide 
plate method) [244]. 

'G 
~ 

~ 
2 e 
Q) 
c. 
E 
~ 

BaCh·InCb 

1000 

BoCI2 - ZnCI2 

800 

600 

400 

--,...------
200 

o 
ZnClz 

20 40 GO 

Mol % BoCI2 

80 100 
BaCI2 

FIGURE 20. Teniperature.composition phase diagram for BaCl •. 
ZnClz. 

Carlo Sandonnini, Gazz. chim, ital., 44 I, 353 (I914). 

J. "hYI. Chem. Ref. Data, Vol. 4, No.4, 1975 

Melt Preparation and Purification 

Lantratov and Alabyshev [165] used "chemically pure" 
InuiuIIl chloride and "anhydrous" zinc chloride (Schering 
Co.). The barium chloride was recrystallized from hydro
chloric acid and traces of oxide and water were removed 
by heating the salt in a current of dry Hel at 500-800 0c. 
Traces of moisture were removed from ZnCl2 by fusing 
the salt at 400 °C in the presence of metallic zinc for 2-3 
hours; after which the molten ZnCb was decanted off and 
a stream of dry HCI was passed through it for several 
hours. 

TABLE 196. Density studies: BaCI..ZnCl. 

Investigations critically re·examined 
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TABLE 197. BaC]"·ZnCL: Density (g ern- S ) 

T 

880 
890 
900 

910 
920 
930 
91lO 

950 
960 
970 

·Mol % ZnCI, 

Sil 

Mol percent ZnCI, 

50 

3.024 
3.017 
3.010 

3.004 
2.997 
2.991 
2.984 

2.978 
2.971 
2.964 

Temperature·dependent equations 
a+bT . 

1) • 103 

-0.656 

These values are hased on the work of Alabyshev and Lantratov 
(Arcbimedean method) [165]. 

Beeh·Nael 

SOD aoo 

U 
e... 600 / 

399 

355 

gJO$$?~ 
200 .--x~x~ 
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u ., 
z 
'" , 

Mol "10 NaGI 

80 100 
NaGI 

FICURE 21.. Temperature·composition phase diagram for BeCI,..NaCI. 

E. Furby and K. 1. Wilkinson, J. Inorg. and Nuclear 
Chem., 14, 123 (1960). 

Melt Preparation and Purification 

Delimarl>kii· et aL [69] pn::parttl thei[ belyllium 
chloride from the pure metal which was chlorinated in a 
quartz tube contained in an electric furnace. The BeCI2 .· 

was then fractionally distilled in a stream of hydrogen 
and the pure snow-white crystals were stored in . sealed 
test·tubes. The pure preparation c.ontained O.0004%A1, 
and 0.004% of the remaining metals: Fe, Cu, Ni, Zn,Cd 
etc. "Ch':llJkaIly pun::" gHu.lt: ~udiuIII chlu.rh.lt: wa~ n;c.ry~· 
tallized from doubly-distilled water, dried and finally 
heated in a muffie furnace. 

Ref. 

69 

TABLE 198. Electrical conductance studies: BeCI •. NaCl 

Investigations critically re·examined 

NaCI 
Mol 0/0 

21.52-69.56 

Temp. range 
(T) 

533-793 

Comment 

Cell material: quartz; Pt 
electrodes: ireq. ranl!:e: 6000 
Hz; calibration: molten KNO. 

Comment: Delimarskii et al. [691 tested the reliability of their ae 
conductance bridge and cell by measuring the electrical conduCtance 
o£ fused iiodiurn nitr~te at variouS! temper2ture.e. They compared 

their values with those of Goodwin and Mailey, and Jager and 
Kapma and found departures of 0.30% (763K) 10 1.65% (623K). 
and Q.OO'fo (763 K) to -:-0.88% (673 K), respectively.· , 

J. Phys. Chern. Ref. Dalll, VIII. 4, No. 4,1975 
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TABLE 199. BeC]'·NaCI: Specific conductance (ohm-1 cm- l ) 

T 69.56 68.05 64.91 62.23 61.57 

540 
550 
560 
570 
580 
590 
600 
610 
620 0.775 0.816 
630 0.821 0.856 
640 0.882 0.866 0.896 
650 0.926 0.908 0.935 
660 0.968 0.949 0.972 
670 1.009 0.988 1.009 
680 1.048 1.025 1.044 
690 1.085 1.060 1.079 
700 1.121 1.093 1.112 
710 1.155 1.124 1.145 
720 1.167 1.187 1.154 1.176 
730 1.201 1.219 1.191 1.206 
740 1.261 1.240 1.247 1.207 1.235 
750 1.288 1.274 1.274 1.231 1.263 
760 1.315 1.306 1.300 1.253 1291 
770 1.343 1.336 1.324 1.273 1.317 
780 1.371 
790 1.400 

Mol % NaC! a 

21.52 -1.0883 
35.9 -1.0753 
42.32 -2.4793 
43.83 -3.8265 
4::;.00 -2.04::'0 
48.37 -3.l356 
49.26 -3.0648 
55.14 -4.5671 
56.S1 -5.0105 
58.47 -4.3739 
61.57 -3.7502 
62.23 -5.7221 
64.91 -5.4067 
68.05 -6.0628 
69.56 l.0804 

Mol percent NaCl 

58.47 56.81 55.14 49.26 . 

0.446 
0.491 

0.613 0.588 0.536 
0.663 0.638 0.579 

0.718 0.710 0.686 0.622 
0.765 0.756 0.732 0.664 
0.811 0.800 0.777 0.705 
0.855 0.842 0.820 0.746 
0.898 0.883 0.862 0.785 
0.939 0.921 0.902 0.825 
0.979 0.958 0.941 0.863 
1.018 0.993 0.970 0.901 
1.055 1.026 1.014 0.937 
1.091 1.058 1.048 0.974 
1.126 1.087 1081 1.009 
1.159 1.115 1.112 1.044 
1.191 1.141 1.142 1.078 
1.221 1.165 1.171 1.111 
1.250 1.188 1.197 1.144 
1.278 1.209 1.223 1.175 
1.304 1.227 1.247 1.206 
1.329 1.244 1.269 1.237 
1.352 
1.374 

Temperature.dependent equations 
" = Q -I- bT'1 cT2 

b· 1Q3 

1.9000 
2.4429 
6.1653 

10.8574 
7.0177 
8.7679 
8.4736 

13.4067 
15;0920 
1.2.7887 
10.6043 
16.2448 
15.1636 
16.2559 

-2.1374 
.. These values are based on the work of Dehmarskll et al. (classlca! ac techmque) [69] . 
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48.37 45.08 

0.434 0.324 
0.478 0.363 
0.521 0.401 
0.564 0.439 
0.605 0.475 
0.646 0.511 
0.686 0.547 
0.726 0.581 
0.764 0.615 
0.802 0.648 
0.839 0.681 
0.075 0.712 
0.910 0.743 
0.945 0.773 
0.978 0.803 
1.011 0.832 
1.043 0.860 
1.075 0.887 
1.105 0.914 
1.135 0.94.0 
1.164 0.965 
1.192 0.9B9 
1.219 1.013 
1.246 1.036 

C' 106 

0 
0 

-1.9971 
-5.7950 
-3.6060 
-3.9971 
-3.6509 
-7.5007 
-S.OS77 
-6.9134 
-5.2258 
-9.2991 
-8.3406 
-8.6323 

3.2183 

43.83 42.32 35.9 21.52 

0.436 0.347 
0.479 0.386 
0.521 0.425 
0.562 0.463 
0.602 0.501 0.391 
0.640 0.(;30 0.416 
0.678 0.576 0.439 
0.714 0.612 0.464 
0.749 0.649 0.488 
0.782 0.681 0.513 
0.815 0.720 0.537 
0.847 0.755 0.562 
0.877 0.586 0.204 
0.906 0.610 0.223 

0.635 0.242 
0.659 0.261 

0.280 
0.299 
0.318 
0.337 

Stand. 
error 
of est. 

0.420/0 
0,730/0 
1.160/0 
0.890/0 
0.907v 
0.630/0 
0.750/0 
0.570/0 
0.74-% 
0.330/0 
0.390/0 
0.860/0 
0.380/0 
0.190/0 
0.180/0 
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J. C. Couturier," Compt. Rend;, 264, 1378(1967). 

." " 

Melt Preparation and Purification 

Coutllrier [64] prepared the bismuth and" gallium 
chlorides' from the pure metals and chlorine"" gas. The 
reaction of bismuth metal with chlorine gas was car
ried out in a specially designed qu~rtzapparatus ; the 
resulting -BiCh was sublimed under nitrogen in a quartz 
tube. Gallium was purified by bubbling Cl2 through the 
molten liquid, followed by a distillation under CO2 " and a 
vacuum distillation. Analysis consisted of EDT A titiations 
for the metals and Ii potentiometric titration for total 
chloride using AgNOs: 

TABLE 200. Electrical conductance studies: BiCl,-GaCI. 

Ref. 

64 

Investigations critically re-examined 

GaC]' 
Mol % 

15-85 (g) 

Temp. range 
(T) 

456.2, 509.2, 521.2 

Comment: Couturier [64] reported a precision of 1% in his con
ductance measurements. 

TABLE "201. BiCI.-GaCI.:Specific conductance (ohm- 1 cm":l) 

Mol % 456K 509K . 521K 
BiCl. 

0 ·0.016 
]0 0.042 0.024 
20 0.048 0.060 

30 0.056 0.068 
@ 0.066 0.078 0.092 

50 0.096 0.112 
60 0.122 0.144 
70 0.156 0.184 

80 0.200 0.230 
90 0.248 0.276 

100 0.308 0.332 "" 

These values have been" interpolated" to three oigfllficant ligures 
from" the graphical presentation" of Couturier (classical ac tech-
nique) [64]. . 
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F"IGURE 23. Temperature-composition phase diagram ior CaCJ,-t:sCJ. 

E.P. Dergurov and A. G. Bergman, Dokl. Akad. Nauk. 
S.S.S.R., 75, 815 (1950) J 

Melt Preparation and Purification 

Lehman [237J initially dehydrated "Baker Analyzed 
Reagent" CaCb· 2H20 at 130°C for 2-3 days and then 
dried the anhydrous salt for 2 days at a temperature 
slightly below the melting point. The system was periodic
ally flushed with HCI to remove water vapor produced. 
The temperature was then raised above the melting point 
and HCI was replaced with dry N2. Cesium chloride 
(Fairmont Chemical Company) was first dried at 150°C 
and then, in preparation of mixtures, was dried in a HCI 
furnace following the same procedure used for drying 
CaCI2• EDT A titrations were carried out for Ca analysis. 

J. Phys. Chem. Ref. Data;Vol." 4. No.4. -1975 
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TABLE 202. Density studies: CaCI.·CsCI 

Investigations critically re·examined· 

Ref. CsCI Temp. range Comments Mol % (Tl 
237 {)-100 1035-1327 Cell material: Pt-lO%Rh 

capillary, alumina crucible as 
melt container; diameter of 
capillary measured microscop. 
ically; calibration: molten KCl 

3M 0-100 U73-1223 

Deviations from previous NSRDS recommendations: [1, pp. 6, 7] 

Ref. CsC) Min. departure Max. departure Mol % 
~---- --

237 100 -0.03% (l035 K) -3.50/0 (1156 K) 

237 0 0.12% (1109 K) 7.5% (1069 K) 

Comment: Lehman reported a standard deviation of less than 
±1% (±0.4 to ±0.7% for majority of results) for density. 

i. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

T 100.0 

1040 2.66 
1050 2.64 
1060 2.63 
1070 2.61 
1080 2.59 
1090 2.58 
noo 2.56 
1110 2.54 
1120 2.53 
1130 2.51 
1140 2.49 
1150 2.48 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 

TABLE 203. CaCI.·CsCI: Density (g cm-S) 

Mol percent CsCI 

87.8 75.0 58.8 51.2 38.4 29.2 19.3 

2.60 
2.59 
2.59 
2.57 
2.55 
2.54 
2.53 
2.52 
2.51 2.39 
2.50 2.40 

2.40 
2.41 
2.42 
2.42 

2.09 
2.09 
2.09 
2.09 
2.08 
2.08 

2.13 2.08 
2.12 2.08 

2.26 2.11 2.07 
2.26 2.10 2.07 
2.27 2.17 2.09 2.07 
2.27 2.16 2.08 
"':.l:l "'.15 Z.O? 
2.27 2.13 
2.27 2.27 

Temperature.dependent equations 
p=a+ bT 

Mol % CsCI a b. 103 

0.0 3.8131 -1.5428 
13.10 2.8162 -0.6441 
19.30 2.3585 -0.2236 
29.20 3.2884 -0.9285 
38.40 3.8335 -1.2887 
SUO -1.6372 2.%56 
58.80 2.2372 0.0213 
'75.00 1.6350 0.6731 
87.80 3.8243 -1.1758 

100.00 4.3740 -1.6505 

13.1 0.0 

2.13 2.16 
2.12 2.15 
2.11 2.13 
2.11 2.12 
2.10 2.10 
2.10 2.09 
2.09 2.07 
2.0R 2.m; 
2.08 2,04 
2.07 2.02 
2.06 2.01 
2.06 1.99 
2.05 
2.04 
2.04 
2.03 

Stand. 
error 
of est. 

1.96% 
1.06% 
0.78% 
0.30% 
2.91% 
0.58% 
2.66% 
1.07% 
0.59% 
0.50% 

These values are based on the work of Lehman <modified maxi. 
mum bubhl" tlrf'~~l1T" mplho.l} t2.37]. 



Ref. 

237 

T 

1040 
]050 
]060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
117U 

1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
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TABLE 204. Surface tension studies: CaCl .. CsCl (fABLE' 204. Surface tension studies: CaCl,.CsCI-Continued 

Investigations critically re·examined Deviations from previous ~SRDS recommendations: [2, pp. 58,60) 

CsCI Temp. range 
Mol '10 (T) 

0-100 1035-1327 

100.0 87.8 

80.14 85.31 
79.53 84.51 
78.93 83.91 
78.32 83.21 
77.71 82.50 
77.10 81.80 
76.50 81.10 
75.89 80.40 
75.28 79.70 
74.68 79.00 
74.07 
7M6 

Mol 'Yo CsCl 

0.0 
13.1 
19.3 
29.2 
38.4 
51.2 
58.8 
75.0 
87.8 

100.0 

Comments 

Cell material: Pt-l0'1oRh 
capil1a.ry,.·~Iuminn· oruoihlo as 

melt container; diameter of 

Ref. 

237 

237 

CsCI 
Mol % 

100 

o 

Min. departure 

-1.6'10 (lI00 K) 

2.1 '70 (1069 K.J 

Max. departure 

-2.80/0 (l035 K) 

3.5'70 (ll O~ K.J 

capillary measured microscop, 
ically; calibration: molten KCl 

Comment: A maximum probable error of ±0.6% in surface ten· 
-sion values was reported by Lehman. 

'TABU; 205. CaCI.·CsO: Surface tension (dyn em -1) 

75.0 

82.58 
81.66 
80.74 
79.82 
78.90 
77.98 

Mol percent esCl 

58.8 51.2 38.4 

77.44 
76.48 
75.52 86.95 
74.56 86.29 
73.60 85.62 
72.64 84.96 
71.63 75.62 

Temperature.dependent equations 
',=a+ bT 

a b'102 

178.1292 -2.7173 
165.2924 -4.2384 
173.5487 -5.5056 
166.0696 -5.6122 
172,5632 -6.6366 
312.9067 -17.8409 
199.2852 -9.5940 
185.7609 ·-9.2123 
158.2487 -7.0134 
143.3111 -6.0740 

29.2 

95.92 
95.36 
94.79 
94.23 
93.67 
93.11 
92.55 

19.3 13.1 0.0 

119.94 149.05 
119.52 148.78 
119.09 148.51 
118.67 148.24 
118.25 147.97 
117.82 147.70 
117.40 147.42 ' 
116.97 147.15 
116.55 14M8 
116.13 146.61 
115.70 146.34 
115.28 146.07 

108.03 114.86 
107.48 114.43 
1U6;~3 114;U1 

106.38 113.58 
105.83 
105.28 
104.73 
104.18 
103.63 
103.08 
102.53 

Stand. 
error 
of est. 

0.27% 
0.11% 
0.20% 
0.67% 
0.16% 
0.36% 
0.49% 
1.39% 
0.85% 
0.91% 

These values are based on the work of Lehman (maXlmum bubble pressure method) [237]. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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FIGUIlE 24. Temperature·composition phase diagram for CaCI2·KQ. 

T. 5ato and T. Amano, Kinzoku·no-Kenkyu, II, 549 
(1934) . 

Melt Preparation and Purification 

Huber et aJ. [30] used C.P. analytical grade chloride 
salts. The mixtures were melted in a porcelain crucible 

and transferred to an electrolytic cell; after each set of 
measurements an analysis of the mixture was performed. 

Pavlenko [28] prepared anhydrous CaCI2 by baking 
and dehydrating the hexahydrate salt; "chemically pure" 
grade KCI was recrystallized and baked. 

LiIlebuen [130] and Grjotheim et a1. [133] used KCI 
(Baker, p_a_) and CaCI2 • 2H~O (Merck, p.a.) as starting 
materials. The KCI was heated at 500°C under moderate 
vacuum to remove moisture. CaCI2 • 2H20 was dehydrated 
by heating to 400°C under an atmosphere of dry HC) gas. 
When necessary the melt was fillered through a quartz 
frit into a quartz tube in order to remove solid oxide 
impurities. The salts were kept in a dry box and all subse
quent work was carried out under an inert gns atmospherc. 

Chloride analysis was performed by titrating with silver 
nitrate. 

Grjotheim et al. []09] used analytical grade quality 
CaCI2 • 2H20 and KCI as starting materials. Purification 
of KCI initially involved drying at 300 °C and then melt
ing under vacuum. The salt was slowly recrystallized from 
the melt and only clear crystals were used. The dihydrate 
salt of calcium chloride was dried at a temperature of 
50-70°C under a vacuum of 10-1 mm and with a flow 
rate of 4 l/min of HCl gas passing over the salt. The 
temperature was then gradually increased to 400 °C. After 
cooling the CaCb in an atmosphere of dry argon the salt 
was transferred to a filtration vessel in a dry box. Dry 
Hel gd~ wae; then bu1bleu lill vu~h tht: lIJulLt:1I sl:IlL fur a 

J. Phys. Chem. Ref. Ooto, Vol. 4, No.4, 1975 

period of two hours, followed by dry argon and finally 
the apparatus was evacuated causing the melt to filter 
llu-uugh tbt: q uarlz frit. SI:IUlplt:::; wt:n:: 1St:l:llcu orr I:IIIU lilulCU 

in a dry box until used. The drying process for CaCb 
took less than two days. 

Lehman's [2371 purification of CaCl2 is given under 
the system CaCh·CsC!. "Baker Analyzed Reagent" KCl was 
dried at 600°C for 12 hours and later stored in a desic
cator containing Drierite. 

TABLE 206. Electrical conductance studies: CaCJ.-KCl 

Ref. 

12 

30 

109 

94a 

160' 

171 

218 

331 

Ref. 

12 
30 

109 
12 
30 
12 
30 

109 
12 
30 

Investil!:ations critically re-examined 

KCI Temp. range Comments Mol 0/0 (T) 

0-100 1073,1123, Cell material: quartz or silica 
1173,1223 U-tube; Pl eJectrodes; calibra-

tion: IN KCl solution 

0-100 973-1223 Pt electrodes; freq. range: 
1000 Hz; calibration: 
saturated N aCI solution 

0,20,40 973-1174 Cell material; AI.O, tube in a 
60,70,100 quartz tube container; Pt 

. electrodes; freq. range: 2000-
20,000 Hz; calibration: IN KCl 
solution and saturated NaCI 
solution 

0-100 1073 

0-100 1073 

0,30,50 -973-1173 Cell material: quartz; Mo 
70,100 (g) electrodes; freq. range: 20,QOO 

Hz 

eutectic (g) 1182-1384 

0-100 (g) 973-1273 

Comparisons with previous N5RDS recommendations:, 
[1, pp. 5, 7 and this volume] 

KCI Min. departure Max. departure Mol % 

100 2.70/0 (lI73K) 3.4% (1073 K) 
100 0.21 % (1126 K) -2.80/0 (1042 K) 
100 0.08% (1150 K) -0.59% (1124 K) 
100 3_70/0 (l076K) 
100 0.40/0 (l123K) 

0 -5.1 0/0 (1123K) -6.20/0 (ll73K) 
0 -8.8'}'o (1109 K) -11.50/0· (1223K) 
0 -0.940/0 (1073 K) -3.80/0 (1174K) 
0 -2.40/0 (1173 K) 
0 -6.5% (1125 K) -6.7% (1111 K) 

aData (equivalent conductance) from [12]. 
Comment: The conductivity cell of Grjotheim et al. [109] con

sisted of an AbO, tube, which carried the platinum electrodes, and 
a quartz tube containing the salt mixture. The apparatus was placed 
inside a second outer quartz tube which could he evacuated to a 
pressure of 10-~ mm Hg. Experiments were performed by melting 
the dried mixtures under vacuum and filtering them through a 
quartz frit into the inner quartz containing tube. After evacuation to 
10-4 to 10-5 mm Hg, the cell was filled with dry nitrogen at 0.5 atm 
and placed in a furnace ("general purpose laboratory furnace"). 
When the salt had melted the AI,Q. tube, containing the electrodes, 
was lowered into the melt and measurements were taken. Resistance 
changes over the frequency range;': to :W kHz amounted to about 
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8ro and extrapolations to infinite frequency were approximately 3-
5%. Based on the scattering and uncertainties in the determination 
01 the cell constant the authors estimate a standard deviation for 
their data of ~I.S% .. 

Huber et at· {30] report an accuracy of 1.0% in their bridge 
measurements and Emons et al. [171] claimO.5-0.6ro reproducibility 
in the temperature interval 500-1000 0 C. 

TABLE 207. CaCb·KCI; 

T 100 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1000 2.24::; 
1090 2,270 
1100 2.294 
1110 2.319 
1120 ?.'lM. 

1130 2.368 
1140 2.393 
1150 
1160. 
1170 

Mol percent KCl 

80 60 40 

1.446 
I.47B 1.249 
1.509 1.280 
1.541 1.311 
1.572 1.342 
1.6M 1.374 

1.463 
1.490 
1.517 
1.545 

Temperature·dependent. equations 
,<:::: a+ bT 

20 0 

1.592 
1.626 
1.660 
1.694 
1.728 2.192 

2.228 
2.265 
2.302 
2.339 
2.376 
2.413 
2.449 

Stand. 
Mol % KCl a b. 103 error 

of est. 

0 -1.8599 3.6831 0.19% 
20 ·2.0217 &.1089 0.14% 
40 -·1;8903 3.1085 0.24% 
60 -1.4617 2.7083 0.21% 
80 -1.7129 3.1590 ~.23% 

100 -0.4161 2.4642 0.180/0 

These values are based on the work of Grjotheim et a1. (classical 
ac technique) [IOn 

TABLE 208. Density studies; CaCh·KCI . 
Ref. KG Temp. range 

Comments Mol 0/0 (T) 

12 0-100 1073,1173 Cell material: Pt cylinder, Pt . 
wire 

28 0-100 1063-1167 Cell material; Pt sphere, Pt 
. wire; calibration: molten 
KNO" NaCl, LiC] 

94' 0-100 (g) 1073. 

130 0-100 1057.,.1179 Cell material: Pt-lO%Rh 
sinker, Pt-lO%Rh suspension 
wire; calibration: water 

133· 0-100 1073 Cell material; Pt-lO%Rh 
sinker, ·Pt-IO%Rh suspension 
wire; calibration: water 

Ref. 

163' 

171 

2.37 

330 

Ref. 

1.,3 

237 
12 
28 
12 
28 

163 
12 
28 

130 
133 
237 

12 
28 
12 
28 

130 

TABLE 208. studies: CaCI..KCI-Continued 

... 

KCl Temp. range 
Comment~ 

Mol % (Tl 

49.6 1013 Cell material; Pt sphere, Pt 
wire 

0,30,50, Cel! material: Mo bob 
70,100 ....,923-1173 

; 

0-100 1066--1193 Cell material; pt-Hi%Rh 
capillary, melt contained in 
alumina crucible; ~alibration: 
diameter of capillary measured 
'\dth micr.o.5copC; ca.l,ibration; 

molten.KCl 

- 0-100 1073 

Comparisons with previous NSRDS recommendations:
[1, pp. 5, 7 and this volume] 

KCl I Min. departure Max. departure 
Mol % 

100 0.33% (1073 K) 

100 -0.93% (1101 K) -2.20% (1191 K) 
100 -1.3% (l073 K) 
100 -1.30/0 (1096K) -1.40/0 (1073 K) 

50 0.12% (1173 K) . 0.50% (1073 K) 

50 -0.22% (I073 K) 0.350/0 (lI73K) 
50 -1.20/0 . (1073K) 
0 -1.070/0 (ll23K) 
0 -0.69% (1157 K) -0.87% (1111 K) 
0 0.00/0 (1066'K) 0.10% (Il42 K) 
0 -0.050/0 (1073 K) 
0 0.12% 0109 K) 7.5% (I069K) 
0 -0.72% 0073 K) -1.00/0 (1123 K) 
0 ~0.73% (Il23K) ,-0.96% (1073 K) . 

100 -0.990/0 (1073 K) -1.24% (lInK) 
100 -0.89% (1167 K) -1.l2% (1071 K) 
100 0.200/0 {1123 K) 0.33% 0073K) 

- - - - -
'Data from reference [130]. 
'Data from reference [27J. 
<Graphical except for pure "alts; data from reference [130]. 
Comment; Lillebuen [I30] and Griotheim et al. [133] used an 

apparatus similar to thc··one described: by Janz and· Lorenz (Rev. 
Sci. Instr., 31, 18, 1960) in which a pin of known dimensions ~as 
fixed 10 the lower end of an Archimedean density bob, thus permit. 
ting simultaneous measurements of surface tension and density. Ex· 
penments were carried out in an atmosphere of dry nitrogen gas, 
after evacuating the apparatus to about 10-4 mm Hg. Corrections 
were applied for the buoyancy of the sinker in air or N. arid for the 
surface tension effect on . the suspension wire. Density measurements 
W"'" Jel'woudlJ]" to within :t:0.3% and tutal correctiuns un the 
observed densities were between 0.3 to 0.4%. 

Emons et a1. [1~6] report reproducibilities in their density valnes 
of 0.2 to 0.5% in the temperature range 500-1000 ·C. 

Brief comments regarding the work of Lehman are given under 
the system CaCl,·CsCl. 

J. Phys. (hem. Ref. Data, Vol. 4, No. 4,J975 
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TABLE 209. eaCI.·KC!: Density (g em-a) 

Mole percent KC! 

T 100 90 80 70 60 50 40 30 20 10 0 76.0 

1060 1.582 
1070 1.577 2.073 
1080 1.511 1.571 1.627 1.783 1.834 1.888 2.069 1.648 
1090 1.505 1.565 1.621 1.675 1.726 1.778 1.830 1.883 1.940 2.000 2.065 1.643 
1100 1.499 1.559 1.616 1.669 1.721 1.773 1.825 1.879 1.935 1.996 2.062 1.637 
1110 1.493 1.553 1.610 1.664 1.716 1.768 1.820 1.874 1.931 1.992 2.058 1.632 
1120 1.486 1.547 1.604 1.658 1.711 1.763 1.815 1.870 1.927 1.988 2.054 1.626 
1130 1.511 1.598 1.652 1.705 1.757 1.010 1.06::; 1.922 1.963 2.048 1.620 

1140 1.534 1.592 1.646. 1.699 1.752 1.805 1.860 1.918 1.979 2.044 1.614 
1150 1.586 1.640 1.694 1.747 1.800 1.855 1.913 1.975 1.608 
1160 1.579 1.634 1.68B 1.741 1.795 L850 1.908 1.970 1.602 
1170 1.573 1.629 1.6S2 1.735 1.790 1.845 1.903 1.595 

Two·dimensional equation and statistical parameters 
p := a +bC + CC2 + drs + eC3 + JCT' 

Max. percent Stand. 
a b·103 c'105 d • 1010 e'107 f·10 9 error departure of est. 

1.72672 4.92335 -2.48640 -1.71243 L85373 1.10524 0.300/0 0.09% 
(1084.2 K. 77.7 
mol % CaCI.) 

These values are based on the work of Llllebuen (Archlmedean method) [130]. C ;::; mol % CaCI,. 

TABLE 210. CaCl.·KCI: Density (gem-a) 

-r 100 

1060 
1070 
1080 1.511 
1090 1.505 
1100 1.498 
1110 1.492 
1]20 1.4Rfi 
1130 
1140 

i 
1150 
1160 
1170 

Mol % KCl 

0 
22.3 
31.9 
49.9 
71.8 
83.8 
92.8 

100 

Mol percent KCI 

92.8 83.8 71.8 49.9 31.9 

1.567 
1.561 1.612 
1.555 1.606 1.786 1.878 
1.549 1.600 1.663 1.780 1.874 
1.542 1.594 1.657 1.774 1.869 
1.536 1.588 1.652 1.769 1.864 
1.530 1.582 1.646 1.763 U!59 
1.524 1.576 1.641 1.757 1.854 

1.570 1.635 1.752 1.849 
1.564 1.630 1.746 1.844 
1.558 1.624 1.741 1.R3q 

1.552 1.619 1.735 1.834 

Temperature·dependent equations 
p a+bT 

a b. 104 

2.4968 -3.9594 
2.3534 -3.9512 
2.4067 -4.8912 
2.3934 -5.6284 
2.2650 -5.5242 
2.2540 -6.0024 
2.2231 -6.1878 
2.1866 -6.2556 

22.3 0 

2.073 
2.069 

1.923 2.065 
1.919 2.061 
1.915 2.057 
1.911 2.053 
1.907 2.049 
1.903 2.045 

1.
899

1 lR95 
1.891 

I 

Stand. 
error 
of est. 

0.050/0 
0.14% 
0.01% 
0.01% 
0.03% 
O.O!>'fo 
0.03% 
0.01% 

These values are based on the work of Lillebuen (Archimedean 
method) [130]. 
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Ref. 

237 

253 

258' 

223 

Ref. 

237 
253 

237 
253 
223 
ll3 

223 
223 

TABLE 211. Surface tension studies: CaCl.-KCI 

Investigations critically re-examined 

KCI Temp, range Comments Mol % (T) 

0-100 1066-1193 Cell material: Pt-lO%Rh 
capillary, melt contained in 
alumina crucible; calibration: 
molten KCl 

0-100 1048-1192 Cell material: density sinker 
and rod for surface tension 
mp.3!:r.nTp.mp:nh: WP:f"P. m::1NP from 

Pt.l0%Rh alloy; calibration: 
measurements on pure salts 

0-100 1073 Cell material and calibration: 
as for 253 

0-100 1073 Cell material: quartz capillaries 
of 0.8-1.44 mm diameter: 
calibration: pure molten salts 

Compansons WIth prevIOUS NSRDS recommendations: 
. [2, pp. 58, 60 and this volume} 

KCI Min. departure Max. departure Mol % 

100 0.0% (1127 K) -0.9% (1165 K) 
100 1.8% (1089 K, 

1092 K, 3.5% (1109 K) 
1112 K) 

0 2.1% (l069K) 
0 -1.1% (l085 K) 

100 1.07% (1073 K) 
0 -0.86% (1073 K) 

100 -0.73% (1073 K) 
0 0.24% (l073 K) 

• Graphical except for pure salts. 
Comment: Lillebuen [253] reports a reproducibility for surface 

tension measurements of ±1 %. 
Brief remarks concerning reference [2371 are to be found under 

the system CaCl.·CsCl. 



T 100.0 92.8 

1050 
1060 
lUlU 911.t> 
1080 97.8 
1090 95.8 97.2 
1100 95.0 96.5 
1110 94.3 95.8 
1120 93.6 95.1 
1130 92.8 94.5 
1140 92.1 93.8 
1150 91.4 
1160 
1170 
1180 
1190 

Mol % KCI 

0.0 
9.8 

22.6 
31.9 
44.5 
44.7 
57.8 
83.6 
92.8 

100.0 

PROPERTIES OF CHLORIDES AND MIXTURES 

83.6 

101.4 

100.7 
99.9 
99.2 
98.4 
97.6 
96.9 
96.1 
95.4 

TABLE 212. CaCl.·KCl: Surface tension (dyn em-i) 

Mol percent KCl 

57.8 .44.7 44.5 

IlOA 
109.7 
109.U 1H.ll 
108.3 112.8 114.2 
107.6 112.2 113.6 
106.9 111.5 112.9 
106.1 11U.Y 11:::.3 
105.4 110.2 111.7 
104.7 109.6 111.0 
104.0 109.0 110.4 

109.7 
109.1 
108.5 

Temperature·dependent equations 

'Y == a + bT 

a b. 102 

195.6276 -4.5373 
186.2582 -4.9863 
183.4629 -5.5781 
183.5472 -5.8969 
182.7049 -6.3444 
181.3611 -6.3498 
185.4227 -7.1422 
182.51:08 -7.5773 
170.6846 -6.7448 
175.5216 -7.3168 

31.9 

1:::U.5 
119.9 
119.3 
118.7 
lUl.1 
117.5 
116.9 
116.3 
115.7 
115.1 
114.6 

959 

22.6 9.8 0.0 

124.9 
124.3 
lZ;US 

123.2 132.4 
122.7 131.9 146.2 

122.1 131.4 145.7 
l:U.6 UU.9 14:).3 

121.{) 13D.4 144.8 
120.4 129.9 144.4 

119.9 129.4 143.9 
119.3 128.9 143.5 
118.8 128.4 143.0 
118.2 127.9 142.5 

142J} 
141.6 

Stand. 
error 

of est. 

0.03% 
0.03'10 

0.11% 
0.09% 
0.05% 
0.05% 
0.01% 
0.070/0 
0.09% 
0.060/0 

These values are based on the work of Lillebuen (pin detachment method) [253]. 
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FIGURE 25. Temperature·composition phase diagram for CaCt.·Lie!. 

G. Grube and W. Rudel, Z. Anorg. Allgem. Chem., 
133, 381 (1924). 

Melt Preparation and Purification 

Grjotheim et al. l25HJ lIsed Baker analytical reagent 
grade LiCL Purification of CaCh is described under the 
system CaCI2-KCI. 

TABLE 213. Electrical conductance studies: CaCJ.·LiCl 

Investigations critically re·examined 

Ref. LiCI Temp. range Comments Mol % (T) 

171,331' 0,30,51) -923-1173 Cell material: quartz; Mo 
170,100 (g) electrodes; freq. range: 

20,000 H~ 

'Emons ct a!. [171, 331] report a reproducibility in their specific 
conductance values of 0.5 to 0.6% in the temperature range 500-
1000 ·C. Their conductance apparatus was similar to the one de
scribed by Story and Clarke [146]. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 214. r.r1..HCl Specific conductance (ohm- ' em-I) 

Mol % CaCI, 1073K Mol % CaCh 1073K 

0 6.60 60 2.85 

10 5.68 70 2.56 

20 4.92 80 2.38 

SO 4.25 90 2.21 

40 3.71 100 2.13 

50 S.23 

These values have been interpolated to three significant figures from the graphical presentation of Emons et al. (classical ac technique) 
[171,331]. 

Ref. 

171' 

TABLE 215. Density studies: CaCl.·LiCl 

Investigations ~;iti~~ll}'re"e"amilled 
LiCl 

Mol 0/0 
0, 30, 50, 70, 100 

Temp. range 
(Tl 

-923-1173 

'Emons et a!. [171] measured density by the hydrostatic weighing 
method using a molybdenum bob and reported a reproducibility of 
0.2-0.5% in the temperature interval 500~1000 ·C. 

TABLE 216. CaCl.·LiCI: Density (g cm-a) 

Mol % CaCI. 0 30 50 70 100 

923K 1.49 1.76 1.91 1.99 
~4t!K 1.4t! 1:15 l.!JU 1.98 

973K 1.47 1.74 1.89 1.97 
998K 1.46 1.73 1.88 1.96 

1023K 1.44 1.73 1.87 1.96 
1048K 1.43 1.72 1.86 1.95 

1073K 1.42 1.71 1.85 1.95 2.07 
1098K 1.41 1.70 1.84 1.94 2.07 
1I23K 1.40 1.69 1.83 1.93 2.06 
114BK 1.39 1.68 1.82 1.92 2.06 
lI73K ].SB 1.67 1.80 1.91 2.06 

These values have been interpolated to three significant figures 
from the graphical presentation of Emons et al. (Archimedean 
method) [171J. 

TABLE 217. Surface tension studies: CaCI .. LiCI 

~~riti~~ijy 

Ref. NaCI Temp. range Comments 
Mol % (T) 

258 0-100' 1073 Cell material: density sinker 
/lnd rod for ,uMac" t"nsion 
measurements were made from 
Pt-lO%Rh alloy, melt 
contained in Pt crucible; 
calibration: pure salts 

DeViatIOns from prevIous NSRDS recommendations: [2, p. 60] 

Ref. NaCI Min. departure Max. departure 
Mol 0/0 

258 0 1.02% (1073 K) 

'Mixtures reported graphically. 
Comment: Grjotheim et a!. (258) reported a reproducibility for 

surface tension measurements of ±l %. 

TABLE 218. CaCI,.LiCl: Surface tension (dyn em-I) 

Mol % CaCI. lO73K Mol % CaCh 1073K 

0 116.5 60 133.3 
10 119.0 70 136.3 
20 121.8 80 139.7 
30 124.7 90 14S.0 
40 127.4 100 146.5 
50 lS0.3 

These values have been lDterpolated to four slgmficant figures from the graphical presentation of Grjotheim ct al. (pin detachment method) 
[258]. 
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Mol % MgCI2 

so 100 
MgCI2 

FT.CURE 26.· Temperature-composition phase diagra.m for cae}.; 
MgCl,. 

1) O. Menge, Z. Anorg. Chern., 72, 162 (1911). 

2) A. I. Ivanoc, Sbornik Statei Obshchei Khim., Akad. 
Nauk S.S.S.R., 1, 754 (1953). 

3) K. Mariasovsky, Chern. Zvesti., 13, 69 (1959). 

Melt Preparation and Purification 

Huber et a1. [30] used C.P. analytical grade CaCb and 
prepared MgClz from purified anhydrous PbCb A slight 
excess of magnesium metal was added to PbCl2 in a 
bomb which was rotated for 1% hours at 725°C. Analysis 
showed the MgCI~ to be at least 99.7% pure. The pure 
weighed salts were melted in a porcelain crucible and then 
transferred to the electrolytic cell. After completing a 
series of measurements the mixture was analyzed. 

1.illebuen [130] and Grjotheim's et al. [133] prepara· 
tion of pure CaCl2 is described under the system 
CaCb·KCl. Anhydrous l\1gClz was prepared from the hexa· 
hydrate salt (MgCb'6H20, min. 99.0% MgCI~'6H20, 
analytical reagent· grade, Baker, U.S.A.) hy heating the 
salt overnight .at 100 °C under moderate vacuum. The 
tempcrature Will> tllen lilil>cd 10 400 nc and the· sample was 
further dried at this temperature for several hours while 
a stream of dry HCl was passed through the ~alt to prevent 
any hydrolysis. Final purification consisted in buhbling 
HC} gas through the molten salt with subsequent filtration 
through fritted silica filters. The purity of the anhydrous 
MgCJ2 was checked in several ways: (1) molten MgCl2 
was examined for purity in oolor and for thc prC3cncc of 
solid white particles of MgO, (2) the solubility of the salt 
was tested in water and the presence of the insoluble salt, 
MgO, was checked, and (3) the Mg and Cl content was 
determined hy EDTA and AgN03 titrations, respectively. 
Analysis showed Jess than 1 % contamination of MgC12 
by MgO and MgOHCJ; the dellydrated CaCb did not 
contain detectable amounts of the slime impurities_ 

The preparation of anhyclrous CaCl2 by Grjotheim et at 
[105] is discussed under the CaCI2·KCI system. Analytical 
grade quality MgCb' 6H20 was dehydratecl in essentially 
the same manner except that the process took approxi. 

mately 4-:; daysinsteaCl of .two c1IlYs liS wi!" the ~ase wiih 
CaCho Initially 500 grams of MgCb' 6H20 was dried at a 
temperature of 50-70°C under·a vacuum of 10,.-lmm for 
a minimum of two days. The temperature was then gradu. 
ally raised to 400°C over a ~ne day period and the sample 
was again heated at this temperature for 4-5 hours under 
a flow of dry HCI of about 6 1/min. After the salt was 
cooled in a dry Aratmosphere it was transferred into a 
filtration vessel in a dry.box. The MgClz was heated to its 
melting point (714°C) over a 6-7 hour period. HCl gas 
was bubbled through the melt for two hours after the 
temperature had readied 800°C. Final steps consisted in 
flushing the melt with dry argo·n, evacuating and filtering 
the melt through a quartz frit and finally sealing the 
vessal under vacuum.· Titration with HCI showed 0.01 
weight % MgO content in the MgClz. A de polarogram was 
taken on the melt using the method of Laitinen et al. 
O. A. Laitinen, W. Ferguson, and R. 1. Osteryoung, 
1.EIectrochem. Soc., 104, 516, 1957) and water was 
not detected. 

TABLE 219. Electrical conductance studie5: CaCl,.MgCl, 

Rd. 

30 

109 

Ref. 

109 
30 

109 
30 

Investigations critically re·examined 

MgCl, 
Mol % 

0,26.65, 
41.60, 
62.59 

0,20,40 
60,80,100 

Temp; range 
(T) 

1002-1193· 

977-1173 

CUIJJlllt::ut 

Cell material: silica; PI 
electrodes; freq. range: 1000 
Hz; calibratio~: saturated 
NaCl solution 

Cell material: A1,O. tube in a 
quartz container;· Pt 
c1cctrodc~; frcq. ra.nge! 2000 

20,000 Hz; calibration: IN KCL 
solution and saturated NaC! 
solution 

Deviations from previous NSRDS recommendations: 
[1, p. '7 and this volume] 

MgC!' Min. departure Max. departure Mol % 

100 0.360/0 (1038 K) 1.83% (1082 K) 
0 -8.8% (1l09K) -11.5% (l223K) 
0 -0.94% (1073 K) -3.8% (1l74K) 
0 -6.5% (l125K) -6.7% (1111 K) 

Comment: Comments regarding references [3D) and [109] are 
noted under the system CaCl,·KCl. 

J. Phys. Chem. Ref. Doto, Vol. 4, No.4, 1975 
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TABLE 220. CaC12·MgCb: Specific conductance (ohm -1 cm-1) 

Mol percent MgCI. 

T 100 80 60 40 20 

980 1.678 
990 1.711 

1000 1.503 1.744 1.805 
1010 1.527 1.776 1.836 
1020 1.073 1.550 1.809 1.869 
1030 1.097 1.575 1.842 1.903 
1040 1.121 
1050 1.145 
1060 1.169 
1070 1.192 
1080 1.216 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 

Mol (>I, MgCI2 

0 
20 
40 
60 
80 

100 

1.600 1.1-175 ].939 
1.626 1.976 2.034 

2:084 
2.135 
2.185 
2.235 

Temperature.dependent equations 
K a+ bT + cf2 

a b'103 C. 106 

0.9270 -1.2350 2.1685 
-3.2418 5.021·8 0 

5.3906 -10.2624 6.6765 
-1.5310 3.2746 0 

2.5710 -4.4139 3.3464 
-1.3646 2.3899 0 i 

0 

2.192 
2.228 
2.264 
2.300 
2.337 
2.375 
2.412 
2.451 

SLand. 
error 
of est 

0.16% 
0.2B% 
0.11% 
0.24% 
0.12% 
0.01 % 

These values are based on the work of Grjotheim et al. (classical 
ac technique) [109]. 
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Ref. 

30 

95 

130 

133' 

202 

Ref. 

30 
95 

130 
133 
30 
95 
30 
95 

130 
133 
30 
95 

TABLE 221. Density studies: CaCl..MgCl. 

Investigations critically re·examined 

MgC!' Temp. range Comments Mol 0/0 (T) 

0-100 996-1180 Cell material: silica hall 
(hollow and solid), W suspen· 
sion wire; calibration: water 

0, 36.6, 53.9 1048-1148 Cell material: quartz cylinder, 
69.8,100 Pt suspension wire; 

calibrauon: water 

0-100 1017-1182 Cell material: Pt-l0%Rh 
sinker and suspension wire; 
calibration: water 

0-100 (g) 1073 Cell material and 
calibration: as for 130 

0-100 (g) 1073 

Deviations from previous NSRDS recommendations: 
[1. pp. 6, 7 and this volume] 

MgCl. 
Molre 

Min. departurE! Max. depat'ture 

100 0.49% (1160 K) 0.66% (1020 K) 
100 0.0% (1148 K) 1.1% (1048K) 

I.OO 0.30% (1017 K) 0.50% (1099 K) 
100 0.50% (1073 K) 
100 0.12% (1073 K) 0.18% (1048 K) 
100 0.06% (l098 K) 0.660/0 (1048 K) 

0 -0.72% (1055 K) -0.78% (1148 K) 
0 -1.10/0 (l073K) -1.40/0 (1148K) 

0 0.0% (1066 K) 0.100/0 (1142 K) 
0 -0.05% (1073 K) 
0 -0.82% (1073 K) 
0 -1.06% (1073 K) 

'Comment: Lillebuen [130] and Grjotheim et al. [133] used an 
apparatus similar to the one described by Janz and Lorenz (Rev. 
Sci. lnstr., 31, 18, 1960) in which a pin of known dimensions was 
fixed to the lower end of an Archimedean density bob, thus per· 
mitting simultaneous measurements of surface tension and density. 
Corrections were applied for the effect of surface tension and for 
expansion of the suspension wire. Density measurements were reo 
producible to within ±0.3% and total corrections on the observed 
densities were between 0.3 to 0.4%. 

Maurits [95] reports an error of 0.4 to .0.6% in density measure· 
ments depending upon the melt composition. The author's method 
was verified by measurements on the pure molten salts: KCl, NaCl, 
MgCI., and CaCl.. . , 

'Data from reference [130]. 
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T 100.0 

1020 1.674 
1030 1.671 
1040 1.668 
]050 1.666 
1060 1.663 
1070 1.660 
1080 1.658 
1090 1.655 
1100 

·1110 

ll20 
1130 
1140

1 
1150 
1160 

1170
1 1180 

Mol percent MgCI.. 

80.6 ·59.9 40.9 34.6 32.1· 

2.016 
2~0]2 1.~42 
2.007 1.938 
2.003 1.933 1.8671 ].807 
1.999 1.929 1.863 1.831 1.803 
1.994 1.925 1.858 1.827 1.799 
1.990 1.921 1.854 1.823 1.795 
1.985 ].917 . 1.849 ].819 1.791 

1.844 1.815 1.787 
1.840 1.811 1.783 
1.035 1.007 1.779 

1.803 1.775 
1.799 

Temperature-dependent equations 
p=a+ bT 

Mol % MgCI. a b'103 

0.0 2.4986 -0.3976 
13.3 2.1352 -0.3697 
32.1 2.2379 -0.3955 
34.6 2.2680 -0.3977 
40.9 2.3656 -0.4571 
59.9 2.37% -0.4093 
80.6 2.4864 -0.4436 

100.0 1.9497 -0.2705 

These values are based on the work of LiJlebuen 
method) [ISO]. 

·13.3 0.0 

2.073 
2.069 

1.732 2.065 
1.729 2.061 
1.725 2.057 
1.721 2.053 
1.718 2.049 
1.714 2.045 
1.710 
1.706 

Stand. 
of est. 
error 

0.05% 
0.030/0 
0.050/0 
0.010/0 
0.02% 
0.050/0 
0.01% 
0.03% 

(Archimedean 

Ref. 

253 

258 

223. 

Ref. 

25:3 
253 
223 
223 

TAllLE 223. Surface tension studies: CaCl".MgCl. 

critioQ.lly :ra examined 

MgCl. Temp. range Comment 
Mol 0/0 (T) 

0-100 1002-1193 Cell material: density sinker 
and rod for surface tension 
measurements was made from 
PI-lO%Rh alloy; calibration: 
measurements on pure salts 

0-100' 1073 Cell material and calibration: 
as for 253 

0-100 1073 Cell material: quartz capillaries 
of 0.8-1.4 mm diameter; 
calibration: measurements on 
pure salts 

Devialion& from previous NSRDS recommendations: 
[1, pp. 59, 60 and this volume} 

MgCI. Min. departure Max. departure 
Mol % 

100 -5.9o/c (1073K) -67o/c (lOO2K) 

0 -1.1% (1085K) 
100 1.30/0 (l073 K) 
HlO 4.2% (1073 K) 

'Graphical except for pure components. 
Comment: Lillebuen [253} and Grjotheim et al. (258J reported a 

reproducibiiity for surface tension measurements of ±1%. Tempera. 
ture coefficients for surface tension 0.£ mixtures were given in [258] 
without stating definite temperature limits. 

TABLE 224. CaCI. .. MgCI.: Surface tension (dyn cm-1 ) 

Mol percent MgC1 

T 100 90 80 70 60 50 40 30 20 10 0 53 

10lD 62.3 
1020 62.3 
1030 62.3 
1040 62.3 
1050 62.2 
1060 62.2 
1070 62.2 66.8 
1080 62.2 66.8 
1090 62.1 66.7 72.2 78.5 85.6 93.6 102.4 112.0 122.5 133.8 145.9 91.1 
1100 62.1 66.7 72.1 78.4 85.5 93.4 102.2 111.7 122.2 133.4 145.5 90.9 
1110 62.1 66.6 72.1 78.3 85.3 93.2 101.9 111.5 121.9 133.1 145.1 90.8 
1120 62.(J 66.6 72.0 78.2 85.2 93.1 101.7 111.2 121.5 1.32.7 144.7 90.6 
1130 62.0 66.6 71.9 78.1 85.1 92.9 101.5 111.0 

I 
121.2 132.3 144.2 90.5 

1140 62.0 66.5 71.8 78.0 85.0 92.7 101.3 110.7 12Q.9 132.0 143.B 90.3 
1150 62.0 66.S 71.8 77.9 84.8 92.6 IOU. nO.5 12Q.6 131.6 143.4 90.2 
1160 61.9 66.4 71.7 77.8 84.7 92.4 100.9 1l0.2 120.3 131.2 142.9 90.0 
1170 77.7 84.6 92.2 100.7 109.9 120.0 130.8 142.5 89.8 
1180 142.1 89.7 
1190 141.6 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 224. CaC],.l'dgCI,: Surface tension (dyn cm-1)-Continued 

Two-dimensional equation and statistical parameters 
'Y a + bC + cOl + dTJ + eTC2 + fCf2 

a b'101 I C. lOS d • 1010 e' lOG f'lOS Max. departure 

I 

-0.850/0 
03.14053 ::;.002G8 6.0306::; -7.02390 -2.43231 -6.02139 (117.5 K, 65A 

mol % CaCl.) 

These values are based on the work of Lillebuen (pin detachment method) [253]. C::::: mol % CaCI,. 

T 100.0 86.7 

1010 62.2 
1020 62.2 
1030 62.2 
1040 62.1 
1050 62.1 
1060 62.1 
1070 62.1 
1080 62.0 
1090 62.0 68.6 
1100 62.0 68.5 
lIlO 61.9 68.5 
ll20 61.9 68.4 
1130 61.9 68.3 
1140 61.8 68.3 
1150 61.8 68.2 
1160 61.8 68.1 
1170 

I 

68.1 
Il80 
1190 

Mol % MgCI. 

0.0 
15.2 
34.6 
53.0 
65.4 
83.4 
86.7 

10U.U 

TABLE 225. L.a\~J,·.lVlll:'L.J,: Surface tension 

! 

Mole percent MgCI" 

83.4 65.4 :53.0 

70.8 
70.7 90.7 
70.6 81.3 90.5 
70.5 81.2 90.4 
70.5 81.1 90.2 
70.4 81.0 90.1 
70.3 81.0 89.9 
70.2 80.8 89.8 

00.7 09.0 
80.6 89.5 
80.4 

Temperature-dependent equations 
'Y=a+ bT 

a b·102 

195.6276 -4.5373 
160.5346 -3.0646 
128.3171 -1.8706 
106.8475 -1,4831 
93.4904 -1.1054 
79.0134 -0.7645 
75.8703 -0.6668 
65.342~ -0.3073 

These values are based on the work of Llllebuen(pm detachment method) [253]. 

J. Phys. Chern. Ref. Dolo, Vol. 4, No.4, 1975 

34.0 15.2 ! 

127.4 
107.9. 127.1 
107.7 126.8 
107.6 126.5 
107.4 1Z6.2 
107.2 125.9 
107.0 125.6 
106.8 125.3 
106.6 12::;.0 
106.4 124.7 

Stand. 
error 
of est. 

0.030/0 
0.01% 
0.06% 
0.11% 
0.05% 

I 0.00% 
! 0.09% 

I 
0.090/0 

St<>.nd. 
error 
of est. 

0.13% 

0.0 

146.2 
145.7 
145.3 
144.8 
144.4 
143.9 
143.4 
143.0 
142.5 
142.1 
141.6 
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CaCh·MnCh 

20 40 60 80 - 100 

TABLE 226. Density studies: CaCl.·MnCh 

T. critically re·examined 

Ref: MnCI, Temp. range I Comments Mol '70 (T) 

202 20-100 873--1050 Cell material: quartz ball 
containing W for weight; 
calibration: water and carbon 
tetrachloride 

D"vl"llun~ frum preVlOU6 NSflDS recommendations: [1, p. ':IJ 

Ref. 

202 

MnCh 
Mol 0/0 

100 

Min. departure I Max. departure 

0.04% (960 KI I -0.43'70 (1020 K) 

FIGURE 27. Temperature.composition phase diagram for CaCl,. 

T 

BBO 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 

MnCl,. 

C. Sandonnini, Alti della Reale Accad. dei Lincei, (5), 
20, 11 496 (1911). 

j 100 

2.350 
2.344 
2.338 
2.331 
2.325 
2.319 
2.313 
2.307 
2.301 

Mol % Mne1. 

20 
30 
40 
50 
60 
70 
80 

100 

80 

2.370 
2.364 
2.358 
2.351 
2.345 
2.339 
2.332 
2.326 
2.319· 
2.313 

TABLE 227. CaC)'.MnCI2: cm- 3) 

Mol percent 

70 60 50 

2.320 
2.327 2.313 
2.322 2.307 

2.332 2.316 2.300 
2.326 2.310 2.294 
2.320 2.305 2.287 
2.314 ·2.299 2.281 
2.308 2.294 2.274 
2.302 2.288 2.268 
2.296 2.282 2.262 
2.289 2.277 2.255 

Temperature·dependent equations 
p= a + bT 

2.720 
2.840 
2.889 
2.916 
2.848 
2.916 
2.962 
2.928 

These values are based on the work of Markov et al. (Archimedean method) [202]. 

40 30 20 

2.2S7 
2.280 
2.273 
2.266 
2.260 I 2.253 I 
2.246 
2.239 

.. 

2.232 2.233 
2.225 2.227 
2.219 2.220 
2.212 2.214 2.176 
2.205 2.208 2.170 
2.198 2.201 2.165 
2.191 2.195 2.159 

2.189 2.154 
2.148 
2.143 

b' 10' 

-5.50 
-6.32 
-6.84 
-6.48 
-5.60 
-6.14 
-6.36 
-6.15 
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FICURE 28. Temperature·composition phase diagram for CaCI.·NaCl. 

A. SeltveiL and A. Flood, Acta Chern. Scand., 12 [5] 
1036 (1958). 

Melt Preparation and Purification 

Fuseya and Ouchi· [17] used reagent grade NaCl and 
c.p. grade CaCb as starting materials. The NaCl was 
purified by passing HCI gas through its saturated solution 
and drying the resulting crystals at 800 °C. CaCI2 • H20 
was recrystallized several times from water and then 
fused in a porcelain dish to remove water of crystallization. 
Any CaO formed during melting was converted to CaCl2 

by bubbling HCI gas through the molten salt. Anhydrous 
CaCb was stored at 300 °C. Mixtures were heated in an 
atmosphere of HCI and dried. 

Alabyshev and Kulakovskaya [20] used chemically 
anhydrous salts which were later purified by an unspeci
fied method. 

Ryschkewitsh [21] treated CaCl2 with HC} gas and 
passed nitrogen gas through the conductivity cell during 
measurements. 

Barzakovskii [24, 63, 144] used "chemically pure" 
salts. The melts were heated in a porcelain crucible in 
an atmosphere of dry HCI gas for 2-3 hours. 

Calcium chloride was purified by Vereshchedna and 
Luzhnaya [34] by fusion in a HCI atmosphere. Before 
mixtures were prepared, calculated weights of the salts 
were again treated with HCI to remove any traces of CaO. 

Lantratov and Moiseeva [74] used "chemically pure" 
salts. Traces of oxides and water were removed by passing 
HCl through the melt and again through the molten 
mixtures prior to measurements. 

Kochergin [129] used "chemically pure" grade salts 
as starting materials. Sodium chloride was recrystallized 
twir.p followpcl hy hpating at 500 °C and molten CaCI" 
was dehydrated in a current of HCI gas. Melt conductivities 
were measured in an atmosphere of argon where initially 
the CaCl2-NaCl mixtures were dehydrated in a vacuum 
for;:S hours. 

Zolotarev and Egerev [139] recrystallized their analy
tical grade reagents from water and bubbled HCI gas 
through thp molten mixture" hefore mea!';urements. 

Story and Clarke [146J used reagent grade materials 
which were melted and bubbled with Bel for 1f2 hour to 
decrease the CaO content to less than 0.1 %. The salts were 
cooled and pulverized in a dry box. Mixtures were chemic
ally analyzed. 

The preparations of pure CaCl2 and NaCl by Grjotheim 
et a1. [109, 133] and Lillebuen [130] are given under 
the systems CaCI2-KCI and MgCb-NaCI, respectively. 

Lantratov [229J used C.P. grade NaCI and CaCb. The 
salts were dried and remelted in an I;Itmosphere of dry HC!. 

TABLE 228. Electrical conductance studies: eaCh·NaCI 

Ref. 

12 

20 

21 

24 

63 

NaCl 
Mol 0/0 
0-100 

30,50 

0,33.3,50, 
65.4, 66.6, 100' 

0-100 

o 100 

0-100 (g) 

0:-100 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

Investigations critically fe·examined 

Temp. range 
(T) 

1123,1223 

795-959 

898-1283 

1073,1173, 
1273 

973-1113 

873-1113 

816-1365 

Comments 

Cell material; quartz vessel or silica V·tube; PI electrodes; 
calibration: IN KCl 

Cell material: quartz vessel j {req. range: 1000 Hz; calibration: 30'1'0 
sulfuric acid at 18 0 C 

Cell material: Pt crucible; Pt electrodes; freq. range: -6000 Hz; 
calibration: sulfuric acid solution, saturated NaCI solution and 
molten KNO. 

Cell material: quartz vessel; Pt electrodes; {req. range: 20-2000 Hz; 
calibration: KCI solutions 

Cell moterial, quartz vccccl; calibration: molten KNO. 

Cell material: Pt vessel; Pt electrodes; {req. range: 300-1000 Hz; 
calibration: KCl .olut;on. and 30% sulfuric acid .olution 



PROPERTIES OF CHLORIDES AND MIXTURES 967 

TABLE 228. Electrical conductance studies: CaCI ... NaCl-Continued 

Investigations critically re-examined 

Ref. 
NaQ, Temp. range Comments 

Mol % (T) 

74 30,50,70 923-1073 Cell material: quartz vessel; Pt electrodes; freq. range: 1000-3000 Hz; 
calibration: molten KNO., NaNO" and NaCI 

109 O-~OO 968-1189 Cell material: AI,O, tube in a quartz tube container; Pt electrodes; 
freq. range: 2000-20,000 Hz; calihration: IN KCI an'd saturated 
Nael solution 

129 54' 798-873 Cell material: quartz vessel; freq. range: 1000-6000 Hz; calihration: 
molten KCl and KNO. 

liW :'0 923-1023 Cell material: quartz vessel; Pt electrodes; freq. range; 1000Hz 

144 0-100 873-1173 Cell material: Pt vessel; Pt electrodes; freq. range: 300-1000 Hz; 

I calibration: KCl solutions and 30% sulfuric acid solution 

146 0-100 I 829-H74 Cell material: quarti vessel; electrodes:. Ni wires or chromel strips; 
freq. range: 1000-40,000 Hz (measurements at 5000 Hz) ; ca.libration: 
IN KC1 solution 

331 0-100 (II) 923-1273 

171 0-100 (g) 948-1173 Cell material: quartz vessel; e1ectrodes: Mo wires; freq. range: 
20,OOO,Hz 

192 37.6 (a) 830-1330 

- , Compari.ons with NSRDS recommendations' [1, pp. 4 7 and this volume] 

Ref. Nael 
Mol 0/0 

12 100 
24 100 
34 100 
63 100 

109 100 
144 100 

146 100 
21 33:3 

109 100 
24 100 
34 100 
12, 0 
24 0 
34 0 
63 0 

109 0 
144 0 

146 0 
12 0 
24 0 
34 0 

109 0 

"Graphical .lor pure salts. 
bDatafrom reference {34]. 
"Eutectic-graphical. 

Min. departure ¥ax. departure 

-3.00/0 (1223 K) - 4.20/0' (1123 K) 
0.0% (1073 K) '- 3.40/0 (l2n K) 

-2.40/0 (1113 K) - 2.8% (1073 }(:) 
_0_4% (1099 K) - 3_10/0 (1273 K) 

0.29% (1126 K) 0.79% (1095 K) 
0.0% (1073 K) - 2.3% (1173 K) 
0.03% (1171 K) {I.53% (1130 K) 

-8.8% ( 963 K) 
-0;30% (1130 K) 
-2.1'}'o (1173 K) 
-3.2% (llll K) 
-7.2% (1233 K) 
-4.7% (1073 K) -10.0% (1273 K) 
-0.8% (1113 K) - 1.4% (I073 K) 
-3.7% (1073 K) - 9.B% (1173 K) 

0.290/0 (1126 K} 0.79% (l095 K) 
-4.1'10 (lO'13 K) - 9.0% urns K) 
-O.OB% (1124 K) - 0.330/0 (1076 K) 
-5.1% (1123 K) 
-4.2% 0075 K) 
-1.4% (1075 K) 

-3.0% (1124 K) 

Comment: Lantralov and Moiseeva [74] noted ihat their quartz cells were attacked by the melts; consequently the vessels were boiled in 
concentrated Hel and washed with hot distilled water between consecutive measurements. Story and Clarke [146J report that attack by 
molten CaCI, on their cell was minimal; purification of CaCl. (0.10/0 CaO) and flushing the conductance cell with inert gas prevented any 
apprcciab]t: fonnation of caJciUlll o,l-tho~Hka.lt':. CIHUH1t~l ~u-i}J:S wtae u:;eu a:s elcct.ruut!l:: ~lJjGe electrudes cun~tructed of nickel eventually 
became brittle presumably due to small amounts of 9xygen entering the cell during sample changes. 

Kochergin e! al. [129] reported conductivity values on air measured melts as well as measurements on vacuum dried melts. The increased 
conductivity of melts in air was interpreted as being due to hydrogen-contair.ing compounds present in the molten mixture. 

Comments regarding reference [109] are dicou.ced undcr the nyatam CaCI, KCI. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975, 



968 JANZ ET AL. 

TABLE 229. CaCl •. NaCl: conductance (ohm-1 em-I) 

T 100 

830 i, 

840 
850 
860 
870 
880 
Slon 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
102() 
1030 
1040 
1050 
1060 

1070 
1080 
1090 3.663 
1100 :l.O92 
lllO 3.720 
1120 3.748 
1130 3.774 
1140 3.800 
1150 3.824 
1160 3.847 
1170 3.870 

Mol % NaCI ·a 

0 [-2.8166] 
33.3 [-3.4536] 
51.8 -3.9865 
73.6 

I 
[-3.9759] 

88.5 [0.29811 
100 t -5.3960 

Mol % NaCl 

88.5 73.6 

[2.2]9] 
[2.259] 
[2.298] . 
[2.3371 
[2.376] 
[2.414] 
[2.451) 
[2.4881 

[3.046] [2.525] 
[3.072) [2.561] 
[3.098] [2.5971 

Temperature-dependent equations 
K - a + bT + c'f2 -

b • 1(fl 

[4.5902] 
[6.18491 
7.7171 

[8.6268] 
[2.5926] 
13.6391 

51.8 

1.183 
1.230 
1.277 
1.323 
1.369 
1.415 
1.460 
1.505 
1.550 
1.594 
1.638 
1.682 
1.725 
1.768 
1.811 
1.853 
1.895 
1.936 
1.977 
2.018 
2.058 
2.098 
2.138 
2.177 
2.216 
2.255 

C' 101 

0 
[-9.4099] 
-17.9443 

[-23.5295] 
0 

-48.8857 

These values are based on the work of Story and Clarke (classical ac technique) [146]. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

33.3 0 

[1.660] 
[1.704] 
[1.747) 
[1.790] 
[1.833) 
LU:I76j 
[1.919] 
[1.961] 
[2.003] 
[.2.045J 
[2.087] 

[2.141] 
[2.187) 
[2.233] 
[2.278] 
[2.324] 

Stand. error 
of est. 
{).OO% 
{).OO% 
0.07% 
0.00% 
0.00% 
0.04% 
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TABLE 230. studies: CaCI2·NaCl 

Investigations critically re·examined 

Ref. NaCl Temp. range Comments 
Molro (T) 

12 0-100 1073-1173 Cell material: Pt cylinder and suspension wire 

17 0-100 823-1173 Cell material: Pt bob (Pt crucible containing melt) ; calibration: 
molten NaCI 

'24 0-100 1073,1273 

34 0-100 i 907-1123 
0-100 (g) 907-1123 

129 54" 798-1173 Cell material: pi sphere and sus'pension wire 

130 0-100 1036-1173 f:"ll matp.Tial: Pt.lOo/nRh ~inker and suspension wire; calibration: 
water 

133 0-100b 1073 Cell material: Pt·l0'7oRh sinker and suspension ,\\;re: calibration: 
water 

144 O-l(lQ 1073 

163 23.6, 41.2, 80.0 1073 Cell material: Pt sphere and suspension wire 

171 O-JOO (g) 923-1173 Cell m"t"ri"l: Mo b"b 

330 0-100 l{)73 

Comparison with NSRDS recommendation: [1, pp. 4, 7 and this volume] 

Ref. NaC} 
Mol,% 

12 ioo 
17 100 
21 100 
34 100 

130 100 
144 100 

12 100 
17 100 
24 100 
34 100 

144 100 
12 85 
17 20 

34 20 
12 0 
17 0 
24 0 
34 0 

130 0 
144 0 
12 0 
17 () 

24 0 
34 0 

'Eutectic-graphicaL 
"Graphical except for pure 'salts. ' 

Min. departure 

-loll % (1123 K) 
-0.20% (1173 K) 
-O.SS?,u (1073 K) 

-1.30% (1098 K) 
0.39% (1088 K) 
0.77% (1073 K) 

-1.85% (lI73 K) 
-0.73% (lI73 K) 
-0.860/0 (U73 K) 
-1.90/0 (1126 K) 

2.25% (1073 K) 
-0.430/0 {U23 K} 

0.0% (l073, 
1123 K) 

-0.76% (1123 K) 
-1.07% (1123 K) 

0.540/0 (1123 K) 
-1.16% (1073 K) 
-1.06% (1048 K) 

0.0% (l066 K) 
-1.16% (1073 K) 

-1.0% (1123 K) 

0.63% (l073, 
1123 K) 

-1.1% (1073 K) 
-1.2% (1065 K) 

Comment: Remarks concerning references (130) and [133) are given under the system LiCl.MgC12• 

, Max. departure 

-0.450/0 (1073 K) 
---'1.66'}'u (l27:l K) 

-1.44% ,(il23 K) 
0.53% (1149 K) 

0.58'70 (1073 K) 
-1.76% (1273 K) 
-1.17% (1123 K) 

0.10'70 (1142 K) 

J. Phys, Cham. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 231. CaCl.·NaCl: Density (g cm-a) 

Mol % NaCl 

T 100 90 80 70 60 50 40 30 20 10 0 48 

lOW 1.994 
1070 1.844 1.989 2.033 2.075 
1080 1.787 1.839 1.890 1.938 1.984 2.029 2.071 1.849 
1090 1.551 1.612 1.670 1.727 1.782 1.834 1.885 1.933 1.980 .2.024 2.066 1.845 
1100 1.546· 1.607 1.656 1.722 1.777 1.830 1.880 1.929 1.975 2.019 2.061 1.840 
1110 1.541 I.W2 1.661 1.718 1.772 1.825 1.875 1.924 1.970 2.014 2.056 1.835 
1120 1.536 1.597 1.656 1.713 1.768 1.820 1.871 1.919 1.965 2.009 2.052 1.830 
1130 1.532 1.593 1.651 1.708 1.763 1.816 1.866 1.911 1.961 2.005 2.047 1.826 
1140 1.527 1.588 1.647 1.704 1.758 1.811 1.861 1.91Q 2.042 1.821 
1150 1.522 1.583 1.642 1.806 1.857 1.905 1.816 
1160 1.517 1.578 1.801 1.852 1.900 1.812 
1170 1.512 1.574 

Two-dimensional equation and statistical parameters 
p = a + bT + cC + dC2 

a b·1O' c'lOS d'105 Max. percent Stand. error 
departure of est. 

0.380/0 
2.06606 -4.72915 6.20063 -1.04771 (1090.1 K, 15.0 0.180/0 

mol % CaCI.) 

These values are based on the work of Lillebuen (Archimedean method) [l30]. C = mol % CaCho 

T 100 

1040 
1050 
1060 
1070 
1080 

1090 1.555 
1100 1.549 
1110 1.544 
1120 1.539 
1130 1.533 
1140 1.528 
1150 1.523 
1160 1.517 
1170 1.512 

Mol % NaCI 

0 
19.8 
22.5 
35.9 
49.1 
67.5 
85.0 

100 

Mol % NaCl 

85.0 67.5 49.1 35.9 22.5 

1.855 
1.850 
1.04:; 1.913 1.972 

1.635 1.742 1.840 1.908 1.967 
1.630 1.738 1.835 1.903 1.963 
1.626 1.734 1.830 1.897 1.958 
1.621 1.730 ·1.1125 1.892 1.954 
1.617 1.726 1.82() 1.887 1.949 
1.612 1.722 1.815 1.881 1.945 
1.608 1.718 1.810 1.876 1.940 
1.603 1.805 1.871 1.935 
1.599 1.865 1.931 

Temperature.dependent equations 
p= a+ bT 

a b'104 

2.4986 -3.976 
2.4651 -4.444 
2.4637 -4.554 
2.4925 -5.367 
2.3800 -4.955 
2.1791 -4.006 
2.1305 -4.546 
2.1319 -5.297 

19.8 0 

2.003 
1.998 
1.994 
1.990 2.073 
1.90:; 2.069 
1.981 2.065 
1.976 2.061 
1.972 2.057 
1.967 2.053 

2.049 
2.045 

Stand. error 
of est. 

0.05% 
0.03% 
0.020/0 
0.18% 
0.02% 
0.01% 
0.01% 
0.04% 

These values are based on the work of Lillebuen (Archimedean 
method) [130]. 
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TABU. 233. Y"co.ity &tudico; CaCI .. NaCl 

Investigations critically re-examined 

Ref. NaCI Temp. range Comments Mol % (T) 

24 0-100 1073,1173, 
1273 

34 0-100 923-1148 Cell material: Pt sphere, Pt 
suspension rod enclosed in a 
glass tube; calibration: method 

144 0-100 873-1273 tested using molten NaNO. 

Comparisons with NSRDS recommendations: [1, pp. 4, 7 
and this volume] 

Ref. NaCl Min. departure Max. departure Mol % 

24 ]00 0.4% (1173 K) 
34 100 5.5% (1148 K) 6.8% (l098 K) 

144 100 0.4% (1173 K) 
24 90 -14.5% (1073 K) 

144 90 -14.5% (1073 K) 
24 70 7.9% (1073 K) 

144 70 7.9% (1073 K) -9..1 % ( 973 K) 
144 60 9.1% ( 973 K) 18.7% (1073 K) 
24 50 16.3% (1073 K) 

144 50 8.9% ( 973 K) 16.3% (1073 K) 
144 40 13.5% ( 973 K) 14.20/0 (1073 K) 
24 20 6.6% (1073 K) 

144 20 6.6% (1073 K) 
144 1{) - 1.70/0 (1073 K) 
24 0 61.8% (1073 K) 124.5% (1173 K) 
34 0 39.8% (1073 K) 70.7% (1148 K) 

144 0 61.8% (1073 K) 124.5% (1173 K) 
24 U la.Bre (1013 K) 

144 0 15.80/0 (1073 K) 

Comment: Vereshchetina and Luzhnaya [34] measured viscosities 
by the method of damped oscillations and corrected for the damping 
decrement of the Pt ball and of the system (excluding Pt ball) in 
air. The accuracy of the system was checked by viscosity measure
ments on molten NaNO. and their results agreed to ±20/0 with 
literature values. 



T 100 90 

930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 2.20 
1060 2.08 
1070 1.97 
1080 1.86 
1090 1.76 
lIOO [141] 1.67 
llIO [1.37] 1.59 
lI20 [1:32] 1.51 
1130 [1.26] 1.44-
lI40 [1.20] 1.38 
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80 

3.05 
2.91 
2.77 
2.64 
2.51 
2.39 
2.28 
2.17 
2.07 
1.97 
1.88 
1.80 
1.72 
1.65 
1.59 

TABLE 234. CaCI.·NaCI: Viscosity (cp) 

Mol % NaCI 

70 60 SO 

4.00 4.43 

3.88 4.31 
3.77 4.19 
3.66 40ft 

3.55 3.97 

3.42 3.45 3.86 

3.30 3.35 3.76 
.1.18 3.25 3.66 
3.06 3.15 3.56 

2.95 3.06 3.47 

2.84 2.97 3.38 
2.73 2.88 3.29 
2.62 2.80 3.20 

2.52 2.72 3.12 
2.42 2.64 3.04 
2.32 2.56 2.96 
2.23 2.49 2.89 

2.14 2.43 2.82 

2.05 2.37 2.74 
1.96 2.31 2.68 
1.88 2.25 2.61 
1.80 2.20 2.54 

. Temperature.dependent equatIOns 
- a + bT + cT'2 + dT'2 7)-

40 

4.73 
4.62 
4.S0 
4.39 
4.28 
4.18 
4.07 
3.97 
3.87 
3.78 
3.69 
3.60 
3.51 
3.43 
3.35 
3.28 
3.21 
3.14 
3.08 
3.02 
2.96 
2.91 

971 

20 10 0 

5.37 
5.20 
5.03 
4.88 
4.73 
4.59 5.13 . 4.88 

4.46 4.98 4.71 
4.34 4.84 4.S5 

4.22 4.71 4.<W 
4.12 4.59 4.25 
4Jl3 4.47 4.12 

3.94 4.37 4.00 
3.87 4.27 3.89 
3.81 4.19 3.79 
3.75 4.11 3.70 
3.71 4.0S 3.61 
3.68 3.99 3.54 

Mol % NaCI b'102 c' }()! d' 1()~ Stand. error a of est. 

0 69.3492 -10.3644 3.5858 3.8776 0.73% 
10 20.1917 2.8465 -8.3002 S!).9729 0.S10/, 

20 30.0118 -0.158S -5.5677 32.2866 0.41% 
<W 12.1701 0.9805 -3.4259 16.2560 0.670/0 
50 44.5576 -8.7561 6.2253 -15.5917 0.650/0 
60 If).4758 1.2168 _3.6226 16.S297 O.68o/c 

70 19.1369 -1.lII6 -1.3786 8.9463 0.580/0 
80 33.3003 -3.3357 -Q.93% l'2..'<>Q'3\.', <l.f&~'1f> 
90 .30.9838 -2.2958 -2.2975 17.8387 0.640/0 

100 . [-22.9126] [4.8514] [-2.4000] 0 

These values are based on the work of Vereshchetina and Luzhnaya (oscillating sphere method) [34J. 

TABLE 235. Surface tension studie~: eaCk·NaCl 

Investigations cliticalJy re·exanuned 

Ref. NaCl Temp. range' 
Comments Mol 0/0 (T) 

229 0--100 823-1148 Cell matedal, Pt and .. '3.,"'1 ..... " 
steel capillaries; Pt crucible; 
calibration: microscope used 
to find capillary diameter •. 
checked usin~ fused KNO", 
NaNOs 

250 0--100 1073. lI73. 
1273 

253 0--100 1075-1193 Cell material: density sinker 
and rod for surface tension 
measurements was made from 
Pt·l0%Rh; calibration: 
measurements on pure salts 

258 0-100' 1073 Cell material and calibration: 
as for 253 

TABLE 235; Surface tension studies: eaC12·NaCI-Continued 

CUJlJparislIns with N.5RDS recommendations [2, pp. 57, 60 
and this volume] 

Ref. 
NaC] 

Min. departure Max. departure 
Mol 0/0 _. 'r----' _ .. -_. 

229 100 0.0% (lI43 K) 0.350/0 (1083 K) 

250 1-00 0.19% (1173 K) 
253 1,00 l.7~{' (1169 K) 2.00/0 (lllB K) 

250 90 0.170/0 (1073 K) 
250 70 2.90/0 (1073 K) 

250 50 2.6% (1073 K) 
250 20 1.60/0 (1073 K) 

229 0 0.21 % (1093 K) 1.20/0 (1173 K, 
250 0 1.3% (1073 K) 
253 0 -1.1% (l085 K) 

'Graphical except for pure components. 

.-

Comment: Lantratov [229] and Lillebuen [253] reported repro· 
ducibilities in surface tension measurements of ±0.1 % and ±1.00/0. 
Ie,,~ecti ... el"j . 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 236. CaCI,·NaCI: Surface tension (dyn cin- 1) 

T 

830 
840 
850 
860 

870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
107U 
lOBO 
1090 
1100 
IllO 

1120 
ll30 
1140 

100 90 

: 

115.14 
113.90 114.35 
113.12 113.56 
112.34 112.77 
ll1.56 111.98 
110.78 111.19 
110.00 110.40 

Mol % NaCl 

o 
20 
23.72 
30 
35 
40 
50 
60 
70 

80 
90 

100 

80 70 

127.94 
127.12 
126.29 
]25.47 
124.64 
]23.82 
123.00 

]2Q.48 ]22.17 
119.63 121.35 
118.79 120.52 
117.95 119.70 
117.11 118.88 
110.27 111;,05 
115.42 117.23 
114.58 116.40 
113.74 115.58 
112.90 114.70 
112.06 

Mol % NaCI 

60 50 40 I 
139.20 143.40 I 
138.54 ]42.67 
]37.88 141.93 : 
137.22 141.19 1 

1 

136.56 140.46 
134.90 135.89 139.72 
]34.15 135.23 138.99 

: l~:t~C) B4.!i7 BR,2!i 
I 132.64 133.91 137.51 

131.88 133.25 136.78 
131.13 132.58 136,04 
130.37 131.92 135.31 
]29.62 131.26 134.57 
128.86 130.60 133.83 
128.11 129.94 i 133.10 
127.35 129.27 132.36 
126.60 128.61 131.63 
]25.84 127.95 130.89 
125.09 127.29 ]30.15 
124.33 126.63 ]29.42 
123.58 i 125.96 128.68 
122.82 ! 125.30 127.95 
122.07 124.64 ]27.21 
]21.31 ]23.98 ]26.47 
1:.1U.56 123.3:.1 1:.15.74 

119.BO 

Temperature·dependent equations 
"y = a + bT 

a 

205.83 
224.81 
211.92 
·204.57 
199.68 
204.49 
194.15 
201.34 
206.22 

206.36 
199.67 
198.14 

35 

]41.07 
]40.41 
139.74-
139.07 
138.41 
137.74 
]37.08 
136.41 
135.74 
135.08 
134.41 
133.75 
133.08 
132.41 
131.75 
131.08 
130.42 
129.75 
]29.08 
12!l.4G 

The.e value. are ba.ed on the wOIk vf L .. ulr"lu. (maximum bubble pressure method) {ZZ9j. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, J975 

30 23.72 

i 
I 

I 

139.47 
138.77 
138.07 
137.37 
]36.67 140.14 
]35.97 ]39.40 
135.27 138.66 
134.57 137.92 
133.87 137.18 
133.17 136.44 
132.47 135.70 
131.77 134.96 
131.07 134.22 
130.37 133.48 
1:.1Y.07 132."/4 

128.97 132.00 
131.26 
130.52 

20 

142.78 
141.95 
141.11 
140.27 
139.44 
138.60 
137.76 
136.93 
136.09 
135.25 
134.41 
133.58 

I 
I 
I 

I 

-5.61 
-8.37 
-7.40 
-7.00 
-6.66 
-7.36 
-6.62 
-7.55 

8.21 

-8.42 
-7.90 
-7.80 

0 

149.17 
148.61 
148.05 
147.49 
146.93 
146.36 
145.80 
145.24 
144.68 
144.12 
145.56 

143.00 
142.44 
141.88 
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Flr.lJRF: 29, 'T",mpf'rRlnre-compoHition phase diagram for CaCl~RbCL 

1. V. Shakhano and V. E. Plyuslchev, Zh. Neorgan. 
Khim,. 5 [5], 1172 (1960). 

Melt Preparation and Purification 

Grjotheim et al. [258] used "analytical reagent grade" 
RhCI (Merck). Purification of CaCb is described under 
the system CaCb-KCI. 

TAlILE '237. E1ectrical conductance studies: CaCl.-RbCl .. 
~""~U"J 

Ref. RbO Temp. range Comments 
Mol 0/0 (T) 

171,331" 0,30,50, .-1023-1173 Cell material: quartz; 
70, 100 (g) Mo clcotrodee; {req;range: 

20,000 Hz 
4.' .. 'Emons et a1. [171], [331] report reproduclblhties In theIr 

conductance measurements of 0.5-0.670 in the temperature interval 
500-1000 "C. 

TABLE 238. CaCl.-RbCl: Specific conductance (ohm- 1 cm-I
) 

Mol % CaCI. 1073 K 1173 K 

o 
10 
20 
30 
40 
50 
60 
70 

80 
90 

100 

1.78 
1.54 
1.36 

1.38 

1.54 
1.80 
2.10 

2.QO 
1.78 
1.60 
1.4!1 

1.40 
1.38 
1.40 
1.:i4 

1.76 
2.05 
2.42 

These values have been interpolated to three significant' figures 
from the graphical presentation of Emons et a1. (classical' ac tech
nique) [171, 331]. 

Ref. 

171' 

TABLE 239. Density studies: CaCl.,RbCl 

Investigations critically re-examined 

RbCl 
Mol % 

0, 30, 50, 70, 100 (g) 

Temp. range 
(T) 

-1023-1173 

'Emons et al. [171] using a molybdenum hob for density measure· 
m .. nt., r .. pnrt rpprnrln",hililipo of 02-O.fio/" in thp. tp.mperaturp. 

interval 500-1000 DC. 

TABLE 2tW CaCl .. RbCI- Density (g cm-g
) 

Mol % RhCl 1023K 1048 K. 1073 K 1098 K 1123 K 1148K 1173 K 

0 2.07 2_06 2.05 '2.03 2.02 
30 2.10 2.08 2.06 2.04 2.02 
50 2.05 2.03 
70 2.12 2.10 

I 
2.07 2.05 2.03 

100 2.22 2.20 2_18 2'.15 2.13 2.11 2.09 

These values have been interpolated to three significant figures from the graphical presentation of Emons et al. (Archimedean method) 
[171]. 

Ref., 

TABLE 241. Surface tension studies: CaCI.-RbCl 

Investigations critically Ie-examined 

RbCl 
Molo/c 

0,100· 

Temp. range 
(T) , 

1078 

Comments 

Cell materia1, dcn,,;ty sinltcr 
and rod for surface tension 
measurements Pt-l0%Rh alloy, 
melt contained in Pt crucible; 
c~libration: pure salts 

TABLE 241. Surface tension studies: CaCh-RbCI-Continued 

Deviations from previous NSRDS recommendations: [2, pp. 58, 60] 

Ref. RbO Min. departure l Max. departure 
Mol 0/<> 

.258 100 -3Ofj% (1073 K) ! 

258 0 1_02% (1073 K) I 
'Grjotheim et aL [258] reported a reproducibility for surface 

tension measurements of ±170. ,These authors stated that most of 
the values for the above system were found by extrapolation from 
higher temperatures. 

"Mixtures reported graphically. 

J. Phys; Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 242. CaC),·RbC): Surface tension (dyn cm -I), 

Mol % CaCI. lO73K I Mol % CaClo lO73K 

0 88.5 60 107.8 
10 88.8 70 114.4 
20 90.6 80 122.6 
30 93.3 90 132.0 
40 97.4 100 147.5 
50 102.6 

These values have been interpolated to three significant figures from the graphical presentation of Grjotheim et aI. (pin detachment method) 
[258]. 

CaCb-SrCI2 

I I I 

500f-

I I 

20 40 60 

Mol % SrCI2 

I 

I 

80 100 
SrCI 2 

FIGURE 30. Temperature·composition phase diagram for CaCi,· 
SrCL. 

Ref. 

C. Sandonnini, Atl. accad. Lincei, 20, II, 497 (1911). 

W. Schaefer, Neues Jahbr. Min. GeoI., I, 15 (1914). 

G. R. Bukhalove and A. G. Bergman, Zhur. Ob. Khim., 
22,23 (}952). 

TABLE 243. Electrical conductance studies: CaCI,.SrCI, 

Investigations critically re·examined 

SrCl, 
Mol % 

Temp. range 
(T) Comments 

5 : 0,41.2, 100 II 7.3--1 323 I Cell material: porcelain tube; 

\ 

Pt electrodes; c.alihrRtion, 
IN KCI solutions 

Deviations from previous NSRDS recommendations: [1, p. 7] 

Ref. SrU, Min. departure Max. departure Mol % 

5 100 -5.0% (1173 K) - 9.0% (1323 K) 
5 0 -9.4% (1173 K) -14.0% (1323 K) 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

TABLE 244. CaCI,·SrCl,: Specific conductance (ohm- I em-I) 

T 

1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 

Mol percent SrCI, 

100 41.2 

2.00 2.20 
2.03 2.23 
2.07 2.26 
2.10 2.29 
2.13 2.33 
2.16 2.36 
2.19 2.39 
2.22 2.41 
2.25 2.44 
2.28 2.47 
2.31 2.49 
2.34 2.52 
2.37 2.54 
2.39 2.56 
2.42 2.58 

Temperature·dependent equations 
I< = a + bT + cJ'2 

0 

2.35 
2.39 
2.42 
2.46 
2.50 
2.53 
2.56 
2.59 
2.62 
2.65 
2.67 
2.69 
2.72 
2.74 
2.76 

Stand. 
Mol % SrC]' a b'103 c'106 error 

of est. 

0 -13.6775 23.0978 -8.0667 0.24% 
41.2 -8.9176 15.3675 -5.0422 0.20% 

100 -4.6696 8.0333 -2.0162 0.003% 

These values are based on the work of Arndt and Gessler 
(classical ac technique) [5]. 

Ref. 

6" 

TABLt. 245. D"llsily ~ludie8; CaCl,·SrCh 

SrC]' 
Molo/n 

0,41.2, 100 

critically re·examined 

Temp. range 
(T) 

1123-1323 

Deviations from previous NSRDS recommendations: [1, p. 7] 

Ref. I 
SrCk Min. departure Max. departure Mol % 

6 

\ 

100 0.00% (1323 K) -0.74% (1173 K) 
6 0 -O.98ro 0123 K) +1.00% (1223 K) 

• Arndt and Gessler [6] used a density bob and suspensIOn WIre 
of platinum in their measurements. 
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TABLE 246. CaCI.·SrCI.: Density' (g em-3 ) 

Mol percent SrCl, 

T 100 41.2 0 

1123.2 I 2.03 
1173.2 2.69 ) 2.33 2.01 
1223.2 2.67 2.30 1.99 
1273.2 2.645 

! 
2.28 1.97 

1323.2 2.62 2.24 

'Due to limited data the experimental values are given. 
These values are based on the work of Arndt and Gessler 

(Archimedean method) [6]. 

800 

~ 600 
.2 
~ 
Q. 

E 
~ 400 

200 

o 

CdCb·CsCI 

20 40 60 80 100 
CdCI2 CsCI 

Mol % CsCI 

FIGURE 31. Tempcralure-composifion phase diagram for CdCl.·CsCI. 

E .. 1'. D<:i!;U1UV, Dukl"J. AJ"J. N"uk. 8.S.S.n., 64, 
517-20 (1949). 

MeltPrepara'ion and Purification 

Bloom et a1. [103J used Koch-Light CsCl (99.9%) 
without further purification. Pure CdCl2 was prepared 
from high purity cadmium metal (99.9% ; Electrolytic Zinc 

Co. of Australia Ltd.) and chlorine gas. Oxygen-free nitro
gen and chlorine gas, dried by bubbling through sulfuric 
acid and through a tube containing 2\-IgC104 and glass 
wool, was introduced into a glass distilJing flask containing 
150-200 grams of cadmiu~ metal. After air was displaced 
from the closed system, the reaction flask was heated 
slowly to melt the cadmium. Initial stages of the reaction 
produced a dark red solution (probably Cd2Chl; the 
reaction was assumed complete when the melt formed a 
light yellow color and no further color changes occurred. 
Under strong heating, nitrogen was then passed through 
the melt to remove final traces of chlorine gas. Prior to 
use, the pale yellow melt was finally filtered through 
sintered silica. AnaJysis of the Cdeh for Cd (electrolyti
cally) and chloride (gravimetrically) showed that the 
purity of the product was better than 99.98%. 

Ref. 

13Z 

TABLE 247. Electrical conductance studies: CdC1.-CsCI 

Investigations critically re-examined 

CsCI 
Mol 0/0 

.50 

Temp_ range 
. (T) 

823,873 

Comment: Kwak and Ketelaar [132] measured the ionic mobilities 
of Cl, Cd, and Cs ions using a radiotracer-electrophoresis method. 
The equivalent conductance of the equimolar mixture was calculated 
from the ionic mobilities. 

TABLE 248. CdC1-CsCI: Equivalent conductance 
(ohm- 1 cm2 equiv-1 ) 

T 

823.2 
873.2 

Mol % CsCI 

These vaiues (equivalent conductances of the equimolar mixture) 
are based on the work of Kwak and Ketelaar· (paper electrophoresis 
method) [132J. 

TABLE 249. Density studies: CdC],-C"CI 

Investigations critically re-examined 

t CsCl Temp. range Ref. I Mol % (T) ~oinments 

103 I 0-100 873-1113 Cell material: sinker of 

I 
I't.lO%Rh alloy; Pt wire; 

l callbration: water 

Deviations from previous NSRDS recommendations: [1, p. 6J 

CsCI 
l 

Mill. departure Max. departure Ref. 
Mol 0/0 

I 
" 

103 100 I -0_23% (1100 K) -0.44% 1980 K) 

Comment: Bloom et al. [1031 corrected for salt condensatIOn on 
the wire, upthrust due to surface tension and the huoyancy of the 
sinker in air. The corrections were usually between 0.1 and 0.2%. 
Reported standard deviations in the density measurements were 
between 0.6 X 10- 3 g em -3 (69.8 mol % CE,Cl) and 2.1 X 10-3 

g em -3 (38.9 mol % CsCl). 

J. Phys. Chem. Ref. Dolo, Vol. 4, No.4, 1975 
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T 100.0 86.8 

880 
890 
900 
910 
920 2.831 
930 2.821 
940 2.811 
950 2.800 
960 2.790 
970 2.780 
980 2.714 2.770 
990 2.704 2.759 

1000 2.694 2.749 
1010 2.684 2.738 
1020 2;673 2.728 
1030 2.66;; Z.'I1'1 
1040 2.653 2.707 
1050 2.643 2.697 
1060 2.632 2.686 
1070 2.622 2.676 
1080 2.612 2.666 
1090 2.602 2.655 
llOO 2.592 

i 1110 2.591 

Mol % CsCI 

0.0 
17.6 
25.7 
38.9 
53.3 
69.8 
86.8 

100.0 

JANZ ET Al. 

TABLE 250. CdC)'·CsCI: Density (g em -,3) 

Mol % CsCI 

69.8 53.3 38.9 

2.S37 3.01S 
2.828 3,00S 
2.818 2.882 2.998 
2.S09 2.872 2.988 
2.799 2.862 2.977 
2.790 2.852 2.967 
2.780 2.842 2.957 
2.771 2.832 2.947 
2.761 2.822 2.937 
2.752 2.812 2.927 
2.742 2.802 2.917 
2:133 Z.792 2.9U'1 

2.724 2.782 2.S97 
2.714 2.772 2.886 
2.705 2.762 2.876 
2.695 2.752 2.866 

2.856 
2.846 

Temperature.dependent equations 
p::= a + bT: 

a b'103 

4.{}59 -0.800 
4.156 -1.052 
4.083 -1.053 
3.949 -UH2 
3.824 -1.002 
3.707 -0.946 
3.783 -1.034 
3.718 -1.024 

These values are based on the work of Bloom et al. (Archimedean method) [103]. 
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25.7 17.6 0.0 

3.231 
3.220 

3.135 3.210 
3.124 3.199 
3.114 3.1S9 3.323 
3.103 3.178 3.315 
3.093 3.168 3.307 
3.082 3.157 3.299 
3.072 3.146 3.291 
3.061 3.136 3.2.83 
3.051 3.125 3.275 
3.040 3.115 3.267 
3.030 3.104 3.257 
3.019 3.094 3.251 
3.009 2.083 3.243 
2.!l9B 3.U'13 3.233 
2.988 3.062 3.227 
2.977 3.052 3.219 
2.967 3.041 3.211 
2.956 3.030 3.203 

3.020 

Stand. deviation 

0.0008 
0.0010 
0.0021 
0.0008 
0.0006 
0.0009 
0.0010 
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CdCi2-KCI 

3001-

20 40 60 

Mol % KCI 

80 

--

100 
KCI 

FIGURE 32. Temperature·composition phase diagram for CdCI.-KCl. 

Herman Brand, Neues Jahr. Min. Geol., 32, 627-700 
(Hlll). 

E. P. Dergunov, Doklady Akad. Nauk S.S.S.R., 64, 
517-20 (1949). 

Melt Preparation and Purification 

Tarasova [13] dehydrated CdC12 in an atmosphere of 
lIel gi:t~ fur a period of 6 hours. The pure CdCl2 had a 
melting point of 568°C. Analysis for total chloride was 
performed by the Volhard method and cadmium w~s 
weighed as its oxide. 

Bloom and Heymann [25] used A.R. purity KCl and 
purified CdCb (Electrolytic Zinc Co., Tasmania) bydehy
drat ion followed by fusion in a dry HCI atmosphere. 
Standard methods were employed for analysis; the electro
analytical method was used for cadmium. 

The preparation of pure CdCl2 by Boardman et al,. [26] 
is ,",discussed under the BaCk-CdC]!! ~y5!tem" PotAssium 
chloride wa~ an~Jytical reagent purity. ' 

Bronstein and Bredig [147] . used chemically reagent 
grade salts which were predried for, several days and 
fin~lIy dehydrated under vacuum. Drying was executed -at 
temperatures up to. 50 degre~ below the melting points 
and until a pressure of 20 microns was obtained. 

Reagent grade CdCl2 used in reference [180] was 
vaCUUm dried at 200 °C for two days and KCl was oven 
dried at 200°C overnight. 

TARLE 251. Eiectrical conductance studies: CdCl.-KCI 

Investigations critically re-examined 

Ref, KCl Temp. range Comments: Mol % (T) 

12 0--100 1073,1173 Cell material: quartz vessel or 
silica U-tube; Pt electrodes; 
calibration IN KCl solutions 

13 17.8--52.1 713--773 Cell material: Pyrex glass; 
Pt electrodes 

14 25-72 71S-813 Calibration: molten KND. 

25 0--100' 843-993 Cell material: Supremax glass; 
Pt electrodes; freq. range: 
-300,0 Hz; c;tlibration: molten 
PbCh'and IN KC! solutions 

116 0-78.7 823-998 

132 50 (g) 72S-S13 

147 35-72 (g) 63S-S73 Cell material: AI.O. j freq. 

160·1 0-100 'g) 

range: 500-10;000 Hz; calihrac 

tion: 1 demal KCl solution 

1073 

Ref. 

12 
116 

12 
25 
116 

Comparisons with NSRDS recommendations: 
[1, pp. 5, 11 and this volume] 

KCl Min. departure Max. departure 
Mol % 

100 2.70/0 (l173K) 3.40/0 (1073 K) 
54 -0.57%( 998 K) -1.69% ( 873 K) 

0 -5.0% (1075K) -7.6% (1173 K) 

0 0.0% ( 918 K) 0.270/0 (963 K), 
0 0.64% ( 908 K) 2.320/0 ( 868 K) 

'100% values were extrapolated. 
bData (equivalent conductivities) from reference [12]. _ 
Comment: Tarasova [13] tested the reliability of the apparatus 

with measurements on molten NaND. and CdC!, .. Experimental 
results for CdCl. were close to literature values while those for 
NaNO. were about 1 % higher. -

Comments regarding reference [25] are given under the CdCI.-KCI 
system, 
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978 

T 83.9 79.6 74.8 

850 
860 
870 
880 1.278 
890 1.306 
900 1.332 
910 1.359 
920 [1.290] 1.385 
930 [1.368] Ull 
940 [1.437] 1.437 
950 [1.495] 1.462 
960 [1.544] 1.487 
970 [1.438] [1.582] 1.512 
980 (1.552] [1.611] 1.537 
990 [1.666] [1.630] 1.561 

Mol 'faKel 

0 
9.5 

!?0.3 
29.0 
32.4 
39.4 
49.4 
54.0 
59.2 

I 66.5 
69.2 I 
74.8 
79.6 
83.9 

JANZ ET Al. 

TABLE 252. CdCI .. KC1: Specific conductance (ohm- 1 cm- 1 ) 

69.2 

1.164 
1.189 
1.213 
1.238 
1.262 
1.287 
1.311 
1.336 
1.361 
1.385 
1.410 
1.434 
1.459 
1.483 
1.506 

a 

-1.8198 
-2.9381 
-2.9336 
-2.1492 
-2.2999 
-1.9636 
-2.0954 
-0.7277 
-2.1210 
-2.1757 
-0.9225 
-2.2754 

[-48.1099J 
[ -9.5874J 

Mol percent KCI 

66.5 59.2 54.0 49.4 

1.167 1.200 1.247 1.321 
1.194 1.225 1.271 1.346 
1.220 1.250 1.294 1.370 
1.246 1.275 1.317 1.394 
1.272 1.300 1.340 1.417 
1.297 1.324 1.363 1.440 
1.322 1.347 1.387 1.463 
1.347 1.371 1.410 1.485 
1.371 1.394 1.433 1.507 
1.395 1.417 1.456 1.529 
1.419 1.439 1.480 1.550 
1.442 1.461 1.503 1.571 
1.466 1.483 1.526 1.592 
1.488 1.505 1.549 1.612 
1.511 1.526 1.573 1.631 

Temperature.dependent equations 
K == a + bT + CT2 

b· 1Q3 

5.8171 
7.7335 
7.4930 
5.7421 
6.1049 
5.3671 
5.5694 
2.3235 
5.2626 
5.2027 
2.4549 
5.3478 

[99.0823] 
[11.3667] 

39.4 32.4 

1.447 1.514 
1.473 1.542 
1.499 1.570 
1.525 1.598 
1.550 1.626 
1.575 1.653 
1.600 1.679 
1.625 1.705 
1.649 1.731 
1.673 1.757 
1.696 1.782 
1.719 1.806 
1.742 1.831 
1.765 1.855 
1.787 1.878 

c'106 

-1.7225 
-2.6294 
-2.5032 
-1.6496 
-1.9038 
-1.5943 
-1.B230 

0 
-1.5946 
-1.40936 

0 
-I,4B78 

[-49.3333] 
0 

29.0 20.3 9.5 

1.540 1.627 1.736 
1.569 1.659 1.768 
1.598 1.691 1.800 
1.626 1.722 1.831 
1.655 1.752 1.862 
1.683 1.783 1.892 
1.710 1.812 1.922 
1.737 1.841 1.951 
1.764 1.870 1.980 
1.791 1.898 2.008 
1.817 1.926 2.036 
1.843 1.953 2.063 
1.869 1.979 2.089 
1.894 2.005 2.116 
1.919 2.031 2.241 

Stand. err()r 
of est. 

0.12% 
0.12% 
0.11% 
0.14% 
0.06% 
0.06% 
0.070/0 
0.060/0 
0.08% 
0.080/0 
0.27% 
0.05% 
0.00% 
0.00% 

These values are based on the work of Bloom and Heymann (classical ac technique) (25]. 

TABLE 253. Density studies: CdCh·KCl 

Investigations critically re·examined 

Ref. KCI Temp. range Cell mllter;al Calihratioll Mol % (n 

9 0, 33.3, 66.6 873-1073 Pt bob, Pt wire Water (17 ·C) 

26 0-75.2 773-1023 Silica dilatometer Molten AgNO. 

122 20, 40, 50, 80 871-993 Quartz hob, Pt wire 

165 50 773, 873, 973 

193 0-90 873,973 

206 33.3-66.7 753 Pt sphere, Pt wire 

Comparison with NSRDS recommendations: [1, p. 11 and this volume] 

Ref. KCI 
Min. departure Max. departure Mol % 

122 60 0.30% ( 871 K) 0.58% (924 K) 
193 60 1.7 % ( 873 K) 1.8 'Yo (973 K) 

9 0 -0.50% (1070 K) -1.3 % (870 K) 
193 0 -0.51% ( 873 K) -0.64% (973 K) 

0 

1.880 
1.909 
1.937 
1.965 
1.993 
2.020 
2.047 
2.074 
2.100 
2.126 
2.152 
2.177 
2.202 
2.227 
2.251 

Comments: Boardman et al. [26] applied corrections for the shape of the meniscus, buoyancy and expansion of the silica glass. In gen· 
eral the method was not successful above 700-750 ·C due to chemical attack on the silica glass. Values for pure CdC!. are those recom· 
mended in NSRDS-NBS-15 (1]. The authors report a maximum error of ±0.2% in the density values for mixtures. 
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Ref. KCl 
Mol % 

36 0-78.4 

180 33.7-50.7 

206 33.3--66.7 

Ref_ KCI 
Mol 'fo 

180 50 
180 34.6 
36 0 

T 

740 
750 
760 
770 
780 
790 
800 
810 
820 
!l3U 

840 
850 
860 
870 
880 
89q 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 

PROPERTIES' . OF· CHLORIDES AND MIXTURES . 

TABLE 254; CdCJ",KCl: Density .(g em-B) 

Mol percent KCl 

75.2 60.0 40.8 16.9 

2.408 2.735 
2.400 2.725 
2.392 2.716 
2.384 2.706 
2.375 2.697 
2.367 2.687 
2.359 2.678 
2.351 2.668 3.109 
2.343 2.659 3.100 
2.334 2.649 ;3.090 

2.326 2.640 3.081 
2.318 2.630 3.071 
2.310 2.621 . 3.061 
2.302 2.611 3.052 

2.058 2.293 2.602 3.042 
2.051 2.285 2.592 3.033 
2.044 2.277 2.583 3.023 
:l.O37 2.269 2.673 3.013 

2.030 2.261 2.564 3.004 
2.022 2.252 2.554 2.994 
2.015 2.244 2.545 2.985" 
2.008 2.236 2.535' 2.975 
2.001 2.965 
1.994 2.956 

.·1.986 
1.979 
1.972 
1.965 
1.958 

Temperature-dependent equations 

Mol % KCl 

o 
1().9 

40.8 
60.0 
75.2 

p a + bT 

a 

4.099 
3.!l!l7 
3.438 
3.015 
2.692 

b' 104 

-8.4 
-9.0 
-9.5 
-8.2 
-7.2 

0 

3.377 
3.368 
3.360 
3.351 
3.343 
3.335 
3.326 
3.318 
3.309 
3.301 
3.293 
3.284 
3.276 
3;267 

These values are based on the work of Boardman et al. (dilato. 
metric method) [26]. 

TABLE.255. Viscosity studies: CdCl,·KC! 

Investigations critically re·examined 

Temp. range Cell material (T) 

723--973 B.T.H. C-14 glass viscometer 

682-1127 Glass viscometer with upper 
reservoir and capillary made 
of Pfalloys 

753 Glass Ostwald viscometer 

Comparison with NSRDS recommendations: [I, p. 5 and this volume] 

Min. departure 

1.5% (723 K) 
5.7% (723 K) 
0.0% (948 K) 

979 

Calibration 

Molten KNO. 

Max. departuro 

4.2% (923 K) 
6.8% (873 K) 

0.87% (873 K) 

Comments: To overcome corrosion problems, Ellis [180) limited his viscosity measurements to temperatures not exceeding 650 ·C. 

J. Phys. Chem. Ref. Data, Vol.. 4, No.4, 1975 



980 

T 78.4 73.9 62.5 

730 3.18 
740 3.01 
750 2.86 
760 2.73 
770 2.60 
780 2.48 
790 2.37 
800 2.26 
810 2.17 
820 2.07 
830 [2.06] 1.99 
840 [1.98] 1.91 
850 [1.90] 1.84 
860 [1.83] 1.77 
870 [1.76] 1.70 
880 1.71 [1.70] ·1.64 
890 1.65 [1.64] 1.58 
900 1.59 [1.58] 1.53 
910 1.53 [1.53] 1.47 
920 1.47 [1.47] 1.42 
930 1.42 [1.43] 1.38 
940 1.37 [1.38] 1.33 
950 1.33 [1.34J 1.29 
960 1.28 [1.29] 1.25 
970 1.24 [1.25J 1.22 

Mol % KCI a b· 101 

0.0 
23.5 
34.4 
48.9 
49.9 
54.4 
f\?.5 

73.9 [58.1443} [ -1.6339] 
78.4 

JANZ ET AL. 

TABLE 256. CdC],·KC]: Viscosity (cp) 

Mol percent KCl 

54.4 49.9 

3.19 3.20 
3.02 3.04 
2.87 2.88 
2.73 2.74 
2.60 2.61 
2.48 2.49 
2.37 2.37 
2.26 2.27 
2.16 2.17 
2.07 2.07 
1.99 1.99 
1.91 1.91 
1.83 1.83 
1.76 1.76 
1.70 1.69 
1.63 1.63 
1.57 1.57 
1.52 1.52 
1.47 1.4-6 
1.42 1.41 
1.37 1.37 
1.33 1.32 
1.29 1.23 
1.25 1.24 
1.21 1.20 

Temperature.dependent equations 
')} =: a + bT + cP + 41" 

')} A' exp (E/RT) 

C' 104 d· 108 

[1.5971J [-5.3333] . 

48.9 

3.24 
3.08 
2,92 
2.78 
2.65 
2.53 
2.42 
2.32 
2.22 
2.13 
2.04 
1.96 
1.88 
1.81 
1.75 
1.68 
1.62 
1.57 
1.52 
1.47 
1.42 
1.37 
1.33 

1.29 
1.25 

A • 102 

23.337 
10.266 
7.?74 
6.977 
6.124 
6.313 
6.544 

5.392 

These values are based 011 the work of Harrap and Heymann (capillary method) [36]. 

TABLE 257. Surface tension studies: Cdel.-KC] 

Investigations eri tically re·examined 

Ref. 
KC] Temp. range 

Cell material Mol % (T) 

34.4 

3.68 
3.49 
3.32 
3.15 
3.00 
2.86 
2.73 
2.61 
2.50 
2.39 
2.29 
2.20 
2.12 
2.03 
1.96 
1.89 
1.82 
1.75 
1.69 
1.64 
1.58 
1.53 
1.43 
1.44 
1.39 

E 
(cal mol- 1 ) 

3937 
5272 
56()~ 

5567 
5740 
5689 
563~ 

6049 

234 0--100 (g) 873,973 B.T.H.-C46 glass capillary, melt contained in tube of B.T.H.-C14 
glass 

255" 0-100 (g) 773,873,973 

"Data takon from re£orenoe [231.], 

23.5 0.0 

3.08 
2.95 
2.83 
2.72 
2.61 
2.51 
2.42 
2.33 
2.25 
2.17 
2.09 2.27 
2.02 2.21 
1.96 2.15 
1.90 2.10 
1.84 2.05 
1.78 2.01 
1.73 1.96 
1.68 1.92 

1.63 1.88 
1.58 1.84 

Stand. 
error 
of est. 

0.53% 
0.32% 
1.66% 
0.85% 
1.60% 
1-16% 
l.m% 
0.00% 
0.17% 

Calibration 

Water 

Comment: The authors [234] report a maximum error of ±1 % in their surface tension measurements. Calibration of the capillary was reo 
producible to better than 0.30/0 and measurements in the molten salts were reproducible to 0.20/0. 
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TABLE 258. CdCI2·KC1: Surface tension (dyn cm- 1 ) 

Mol % CdC], 873K 973 K 

0 no. 102. 
10 104. 97.0 
20 99.5 92.8 
30 95.5 89.5 
40 92.8 86.9 
50 91.0 85.2 
60 90.5 84.6 
70 90.0 04.4 

80 88,4 84.2 
90 85.8 83.0 

100 82.5 80.5 

These values have been interpolated from the graphical presenta· 
tion of Boardman et al. (maximum bubble pressure method) [234]. 

., 
:;J 

o ., 
0. 

E ., 
t-

CdCI2-LiCI 

20 40 60 80 

Mol % LiCI 

S. D. Gromakov, Zh. Fi~. Khim., 24,641 (1950). 

Melt Preparation and Purification 

100 

LiCI 

Bloom et al. [31] used salts of A.R. purity or prepared 
to a purity of at !eMt 99.89\';. Cadmium chloride was made 

by reacting pure cadmium metal (99.96%; Electrolytic 
Zinc Co. of Australia Ltd.) with a stream of dry HC! 
gas. The mixtures were made by weighing the dry salts 
which had been previously fused and allowed to cool in 
desiccators. Standard methods of analysis were used and 
the electro.analytical method was used for cadmium. 

TABLE 259. Electrical conductance studies: CdC]'·LiCI 

Investigations critically re·examined 

Ref. LiCI Temp. range Comments 
Mol 0/0 (n 

3P 0-100 797-1023 Cell material:, capillary cells of 
silica or B. T.Ii. -11-37 glass; Pt 
electrodes; freq. range: 100-
10,000 Hz; IN KC] solutions 

Deviations from previous NSRDS recommendations: r1. PP. 4·, III 

Ref. LiCI I Min. departure Max. departure Mol % 
31 100 1.7% (lOlOK) 2.3% (910K) 
31 0 -0.10'1'0 l'.l2UK) 0.1Y'10 (WOO K) 

'Bloom et aL [31] used a dipping type conductivity cell with one 
platinum electrode enclosed in a capillary tube and the other elec· 
trode out~ide. C.ondu~tivit)' through the glass wall of the capillary 
tube was found to be negligible when compared to that of the melt. 
Overall accuracy of the measurements was estimated at ±O.S%. 

TABLE 260. CdC]'·LiCI: Specific conductance (ohm- 1 cm- i ) 

T 

800 
810 
820 
830 
840 
850 
860 
1170 

880 
890 
900 
910 

920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 

Mol percent LiCl 

100 75.0 50.0 25.0 

2.18 
2.69 2.22 
2.74 2.26 
2.78 2.30 
2.82 2.33 

3.78 2.87 2.37 
3.83 2.91 2.41 
!I 1111 ?().C; 2.44 

3.92 2.99 2.48 
3.97 3.04 2.52 

5.96 4.02 3.08 2.55 
6.01 4.06 g.12 259 

6.05 4.11· 3.16 2.63 
6.10 4.15 3.20 2.66 
6.15 4.20 3.24 2.70 
6.20 1·.21 3.28 2.73 

6.24 4.28 3.32 2.77 
6.29 4.33 3.36 2.80 
6.33 4.37 3.40 2.83 
6.38 4.41 3.44 2.1\7 

6.42 4.45 3.47 2.90 
6.46 4.50 3.51 2.93 
6.50 4.54 3.55 2.97 

.. 
Temperature-dependent equations 

K:=::A· exp (EIRT) 

Mol % Liel A 

0 6.92 
25.0 9.09 
50.0 10.3 
75.0 11.3 

100 12.6 

0 

1.91 
1.94 

1.97 
1.99 
2.02 
2.05 

2.08 
2.10 
2.13 
2.16 

2.18 
2.21 
2.24 
2.26 

2.29 
2.31 
2.34 

E 
(cal mol -1) 

2200 
2270 
2160 
1850 
B40 

These values are based on the work of Bloom ct al. (classical ac 
technique) [31]. 
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Ref. 

31 
193 
193 

TABLE 261. Density studies: CdC!.·LiCI 

LiC! 
Mol % 

100 
50 
0 

critically Ie·examined 

recommenda tions: 
(1, pp. 4, 11 and this volume] 

Min. departure Max. departure 

0.00% (970 K) -0.20% (910 K) 
-1.17% (873K) -1.21 % (973 K) 
-0.51% (873K) -0.64% (973 K) 

"Bloom et a1. (31) used a sinker and suspension wire of 100/0 
Rh-Pt f~r their density determinations. Precautions were taken to 
prevent air bubbles from clinging to the sinker, and corrections 
were made for thermal expansion of the silica glass. Accuracy was 
reported to be within ±0.1 %. 

The density values for pure cadmium chloride [31) are those re· 
ported in NSRDS-NBS-15 [1). 

T 

800 
810 
820 
830 
B40 

850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 

1010 
1020 

o 
25.0 
50.0 
75.0 

100 

TABLE 262. CdCb·LiCI: Density (g em-a) 

Mol percent LiCl 

100 75.0 50.0 25.0 

3.158 
2.792 3.150 
2.783 3.142 
2.775 3.133 
?.761i 31?5 

2.240 2.758 3.117 
2.234 2.749 3.109 
2.228 2.741 3.100 
2.222 2.732 3.092 
2.216 2.724 3.084 

1.491 2.211 2.715 3.076 
1.487 2.205 2.707 3.067 
1.181- 2.199 2.699 3.059 
1.480 2.193 2.690 3.051 
1.476 2.188 2.682 3.043 
1.472 2.182 2.673 3.034 
1.468 2.176 2.665 3.026 
1.464 2.170 2.656 3.018 
1.461 2.165 2.648 3.010 
1.567 2.159 2.639 3.001 
1.453 2.153 2.631 2.993 
1.449 2.147 2.623 2.985 
1.445 2.141 2.614 . 2.977 .. 

Temperature·dependent equations 
p a+ bT 

4.058 
3.818 
3.476 
2.730 
1.835 

0 

3.370 
3.362 
3.354 
3.346 
3.338 
3.330 
3.322 
3.314 
3.306 
3.298 
3.290 
3.282 
3.274 
3.266 
3.2::;0 

3.250 
3.242 

-8.00 
-8.25 
-8.45 
-5.77 
-3.82 

These values are based on the work of Bloom et a1. (Arehimedean 
method) [31]. 

J. Phy •• Chem. Ref. Pala, Vol. 'I, No. 'I, 1975 
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FIGURE 34. Temperature.composition phase diagram for CdCb.NaCl. 

H. Brand, Neues lahrb. MineraL, Geol., Piilaontd Bcil. 
Band, 32, 627 (1911). 

Melt Preparation and Purification 

Sodium chloride used in references [234, 25, 26, 36] 
was of A.R. purity. Cadmium chloride was made from pure 
electrolytic cadmium (Electrolytic Zinc Co., Tasmania), 
dehydrated and subsequently fused while a stream of BCl 
gas was passed through the melt to remove products of 
hydrolysis. The method used by Bloom et aI. [103] 
described under the CdCI2·CsCI system for the preparation 
of pure CdCl2 is probably superior to the earlier methods 
used [25, 26, 36]. 

TABLE 263. Electrical conductance studies: .... u'~J2"" tl'-'l 

Investigations critically re·examined 

Ref. NaCl Temp. range Comments 
Mol % (T) 

2!'i' 0-100" ~?'~Q7:\ C"ll mntpri~ I· SlIprpm,,, glass: 

Pt electrodes; freq. range: 
..... 3000 Hz; calibration: molten 
PbCJ. and N KCI solutions 

132 50 823,873 

DeViations from previous NSRDS recommendations: [I, p. 11) 

Ref. NaCl Min. departure Max. departure 
Mol % 

25 0 0.0% (918K) 0.27% (963 K) 

'Bloom and Heymann [25J used a dipping type conductivity cell 
in whioh one Pt eleotrodo wac en"looed ;n n oapillary tubo and Ih" 

other electrode was outside. Conductivity through the glass waJl of 
the capillary tube was found to be negligible compared with that of 
the melt. Using a Wi en bridge, resistance measurements were made 
to within 0.1 to 0.2%. The cell constant did not change appreciably 
(0.3%) during prolonged use of a capillary. 

bMixtures reported graphically. 
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TABLE 265. Density studies: CdCl •. NaC] 

Investigations critically re·examined 

TABLE 264. CdC] •. NaC]: Specific conductance (ohm-l em-l) 
Ref. NaCI Temp. range Comments 

Mol % NaCl 823K 873K 923K 973K 

0 1./32 1.94 2.00 2.24 

10 1.86 2.00 2.17 2.32 
20 1.B7 2,04 2.21 2.36 

Mol % (T) 

26' 0-65.7 77~998 Cell material: silica glass 
cUJatometer; calibration: 
molten AgNO, 

30 1.90 2.08 2.25 2.38 165 50 77~973 

40 1.92 2.10 2.28 2.40 
50 1.94 2.12 2.29 2.40 193 0--90 873,973 

60 1.96' 2.14 2.:'>1 2.44 Deviations from previous NSRDS recommenclations: [1, p. 111 
70 2.06' 2.20 2:35 2.54 
80 2.24' 2.3B' 2.50' 2.70 Ref. NaCI Min. departure Max. departure 

Mol % 
90 2.57' 2.66' 2.7B' 2.97' 

100 2.97 3.06 3.21 3.29 
193 0 -0.51% (B73 K) -0.64% (973K) 

'Extrapolated values. 
These valuGs huve heen interpolated to three significant figures 

{rom the graphical presentation of Bloom and Heymann (classical 
ac technique) [25J. 

'Boardman et al. [26] applied corrections for the shape of the 
meniscus, buoyancy and expansion of the silica dilatomeier. The 
authors state that the method cannot be used above 700-750 °C due 
to chemical attack on the silica glass. A maximum error of 
±0.20'}o in the density values was reported. The density values for 
pure cadmium chloride in ref. [26} are those recommended in 
NSRDs..:NBS-15. 

T 

780 
790 
800 
810 
820 
830 
840 

. 850 

860 
870 
880 
890 
900 
910 
920 
930 
940 

950 
960 
970 
980 
990 

65.7 

2.418 
2.409 
2.401 
2.393 
2.385 

.2.377 
2,368 
2.360 
2.352 
2.344 
2.336 

Mol '10 Nae1 

o 
22.2 
35.2 
44.5 
55.7 
65.7 

TABLE 266. Cdelo·Nael: Density (g em-a) 

55.7 

2.654 
2.646 
2.637 

.2.628 
2.620 
2.611 
2.603 
2.594 
2.585 
2.577 
2.568 
2.560 
2.551 
2.542 
2.534 
2.525 
2.517 
2.508 
2.499 

Mol percent NaCI 

44.5 

2.784 
2.775 
2.766 
2.757 
2.747 
2.738 

2.729 
2.720 
2.711 
2.701 
2.692 

Temperature·dependent equations 
p=a+ bT 

a 

4.099 
3.937 
3.827 
3.566 
3.325 
3.123 

35.2 

2.974 
2.964 
2.953 
2.943 
2.933 
2.922 
2.912 
2.901 
2.891 
2.881 
2.870 
2.860 
2.919 
2.839 

These values are based on the work of Boardman et a!. (dilatometric method) [26]. 
, 

22.2 0 

3.120 3.377 
3.111 3.369 
s.li)! 3.360 
3.092 3.352 
3.082 3.543 
3.073 3.335 
3.063 3.327 
3.054 .3.318 
8.01·4 3.310 
3.035 3.301 
3.025 3.293 
3.016 3.285 

3.276 
3.268 

b' 104 

- B.4 
- 9.5 
-10.4 
- 9.2 
- 8.6 
- 8.2 

J .. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 267. CdC]" .. NaCl: Density (g em- 3 ) 

Mol percent NaCl 

T 60 50 40 30 20 10 

800 2.560 2.734 
810 2.553 2.727 
820 2.545 2.719 
830 2.538 2.712 2.877 

840 2.530 2.704 2.869 3.023 

850 2.522 2.696 2.861 3.015 3.156 

860 2.513 2.688 2.853 3.007 3.148 3.274 

1170 2.505 2.679 2.844 2.998 3.139 3.265 

880 2.496 2.670 2.835 2.989 3.130 3.257 

890 2.487 2.662 2.827 2.981 3.122 3.248 

900 2.478 2.652 2.818 2.971 3.113 3.239 

910 2.469 2.643 2.808 2.962 3.103 3.230 

920 2.460 2.634 2.799 2.953 3.094 3.220 

930 2.450 2.624 2.789 2.943 3.084 3.210 

940 ' 2.440 2.614 2.779 2.933 3.074 3.201 

950 2.430 2.604 2.769 2.923 3.064 3.190 
960 2.420 2.9l3 3.054 3.180 

970 3.D43 3.170 

980 3.159 

990 
._. .-

Two·dlmenslOnal equation and statIstical parameters 
p - Ii + be + eT3 + dC3 -

, 

a b·102 C. 1010 ! , d'107 Max. percent 
Jt:PdltUlC 

0.40% 
2.00068 1.93015 -3.76995 

I 

-.3.07505 (960.0 K, 34.3 mol %) 
Cd(:J. 

These values are based on the work of Boardman ct al. (dilatometric method) 126]. C mol % CdCl,. 

Ref. 

36 

NaCI 
Mol % 
0-72.8 

TABLE 268. Viscosity studies: CdC]'·NaCl 

Investigations critically re·examined 

Temp. range 
(T) Cell materials 

723-973 B.T.H.-CI4 glass viscometer 

Deviations from NSRDS recommendations: 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

0 45 

2.780 
3.384 2.771 
3.375 2.763 
3.366 2.754 
3.358 2.745 
3.348 2.736 
3.339 2.727 
3.330 2.718 
3.320 2.708 
3.310 2.698 
3.300 2.688 
3.290 
3.279 
3.269 
3.258 

Stand. 
error 
of est. 

0.18% 

Calibration 

Molten KNO. 



T 72.8 

730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 

840 
850 
860 
870 

880 
890 
900 
910 
920 
930 1.55 
940 1.50 
950 1.46 
960 1.42 
970 1.38 

Mol % NaCI a 

.0.0 [20.0982] 
25.5 
40.0 64.3414 
45.5 
50.0 66.7594 
72.8 

PROP£RTlES . OF .CHLORIDES AND MIXTUR£S 

TABLE 269. r~rl_Narl Viscosity (Cp) 

50.0 

3.38 
3.21 
3.05 
2.90 
2.76 
2.63 
2.51 
2.39 
2.29 
2.19 
2.U9 

2.01 
1.93 
1.85 
1.78 
].72 
1.66 
1.61 
1.56 
1.51 
1.47 
1.43 
1.39 
1.35 
1.32 

b· 10' 

[-0.3434] 

-1.7725 

-:1.8845 

Mol percent N:.aCI 

45.5 

3.43 
3.25 
3.09 
2.93 
2.79 
2.66 
2.54 
2.43 
2.32 
2.22 
2.l.'3 

2.04 
1.96 
L89 

·1.02 

1.75 
1.69 
1.63 
1.57 
1.52 
1.47 
1.42 
1.37 
1.33 

l 1.29 

Temperature.dependent equations 
"I = a + bT + cTJ + dT3 

7J =A • exp (EIRT) 

C. 104 d'108 

[0.1600] [0,000004] 

1.6798 -5.3747 

1;8328 -6.0360 

40.0 

3.56 
3.38 
3.22 
3.06 
2.92 
2.78 
2.65 
2.53 
2.42 
2.31 
2.21 
2.12 
2.04 
1.96 
1.09 
1.82 
1.76 
1.70 
1.65 
1.60 
1.55 
l.51 
1.47 
1.44 
l.<U 

A'10' 

1.045 

0.659 

0.980 

These values are based on the work of Harrap and Heymann. (capillary methou) t36]. 

98:5 

25.5 0.0 

2.89 
2.77 
2.66 
2.56 
2.46 
2.37 

2.28 
2.20 
2.12 
2.0fi 

1.9a {2.27] 
1.92 [2.21] 

1.86 [2.15) 
LeO [9.10) 

1.74 [2,04] 

1.69 [2.00] 
1.64 U.95) 
1.60 [1.91] 
1.55 [l.88J 
1.51 [1.84] 

E Stand. 

(cal mol-i) error 
of est. 

0.00% 
5146 0.55% 

1.03% 
5733 1.42% 

1.27%. .. 
5096 0:4.7% 

TABLE 271. CdC],-NaCl: Surface tension (dyn cm- i ) 

TABLE 270. Surface tension studies: CdCI.·NaCl 

Ref. 

234~ 

Investigations critically Ie-examined 

NaCl 
Mol % 

0-100 (g) 

Temp. range 
(T) 

973,1073 

'Data were presented in graphical form. The value for 100% NaCl 
at 700°C was obtained by extrapolation. The capillary was drawn 
from British-Thomson-Houston C46 glass tubing, and the calibration 
was performed with tap water. After each series of measurements on 
a particular mixture, the capillary was. rccalibrated. The maximum 
uncertainty was given by the authors (234) as ±l 'fe. 

Mol % NaCl 973K 10nK 

0 82.4 79.2 
10 84.3 BO.7 
20 86.2 81.7 
30 88.0 83.4 
40 91.6 85.9 
50 94.9 88.6 
60 99.4 92.1 
70 104. 96.4 
80 1I0. 102. 
90 117. 108. 

100 125. 116. 

These values have been interpolated to three significant figures· 
from the graphical presentation of Boardman, Palmer, and Heymann 
(maximum bubble pressure method) [234]. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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CdCb-PbCb 

·600 
<3 
!.. 

f 
:> 

~ 400 
II) 
D-
E 

{!? 

200 

0 20 40 60 80 100 

CdCI2 PbCI2 
Mol % PbCI 2 

FIGURE 35. Temperature·composition phase diagram for CdC1,. 
PbCI •. 

G. Hermann. Z. anorg. Chern., 71, 257-302 (1911). 

C. Snndcnnh .. i, Atti. Acad. Lincci, ln, 1, 20S 13 (1912). 

Melt Preparation and Purification 

The preparation of pure CdCl2 in references [234, 25, 
26, 36J is discussed under the system CdCI2-NaCI. 

References [25, 26, 36] do not give any particular 
details concerning the preparation of pure PbCb, but 
indicate that salts were of analytical grade purity or pre
pared from reagents of analytical grade purity and recrys
tallized. Mixtures were analyzed for total chloride and 
lead was determined gravimetrically as the chromate or 
sulfate salt. 

TABLE 272. Electrical conductance studies: CdCl.·PbCI. 

Investigations critically re·examined 

Ref. PbCb Temp. range Comments 
Mol % (T) 

13" 39.7-100 733-793 Cell material: Pyrex; Pt 
electrodes; calibration: molten 
Ca(NO.). 

25" 0-100' 803-973 Cell material: Supremax glass; 
Pt electrodes; freq. range: 
~3000 H2; calibration, molten 

PbCI. and IN KCl solutions 

944 0-100 (g) 873 

117 0-100 (g) Bl3--963 Cell matenal, qunrt2; Pt 
electrodes 

218 eutectic (g) 940-1180 

Deviations from previous NSRDS recommendations: [1, p. 13] 

Ref. I PbC1. Min. departure Max. departure 
Mol % 

13 I 100 0.130/0 (793 K) 
25 l 100 O.()<}'o (833K) -0.52'70 (873 KJ 

'Tarasova [13] tested the experimental arrangement and proce· 
dure by conductivity measurements on molten NaNO. and CdCI.. 
The author reports that values for NaNO. were about 10/0 higher 
than literature values and results for CdCI. were close to those of 
Tubandt and Lorenz (Z. Phys. Chern., 87,543,1914). 

bBloom and Heymann [25], using a Wien bridge, report that 
resistance measurements were made to within 0.1 to 0.20/0. The cell 
constant was found to change little (0.30/0) during prolonged use 
of anyone capillary. 

<Mixtures reported graphically. 
dGraphical data of equivalent conductance versus % composition 

was given. 

TABLE ZI6. CdCJ,:PbCl.: Specific conductance (ohm-' cm- ') 

T 100 85.6 

735 
740 
745 
750 
755 11.477] 
760 [1.508] 
765 [1.540] 
770 11.575] 
775 [1.450] [1.611] 
780 [1.479] [1.650] 
785 [1.507] [1.690J 
790 [1.536] [1.732] 

Mol % PbCI. a 

39.7 [8.9396] 
49.7 9.6082 
61.8 -3.2083 
72.5 9.3389 
85.6 [18.3339J 

100.0 [-2.9672J 

Mol percent PbCb 

72.5 

1.433 
1.459 
1.487 
1.516 
1.545 
1.576 
1.608 
1.641 
1.676 
1.711 
1.747 
1.785 

Temperature·dependent equations 
Ie = a + bT + c'f2 

. b' l()2 

[-2.4928] 
-2.6580 

0.6390 
-2.6719 

[-5.06401 
[5.7001 

These values are based on the work of Tarasova (classical ac technique) [13]. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

61.8 49.7 39.7 

1.488 1.459 
1.520 1.482 
1.552 1.505 
1.584 1.530 
1.616 1.556 [1.519] 
1.648 1.582 [1.546J 
1.680 1.610 [1.574] 
1.712 1.639 [1.603] 
1.744 1.669 [1.633] 
1.776 1.700 [1.664] 
1.808 1.732 [1.696] 
1.840 1.765 [1.728] 

Stand. 
C. 105 error 

of est. 

[2.000] 0.00% 
2.1079 0.23% 

0 0.36% 
2.1717 0.610/0 
[3.750J 0.000/0 

0 0.00% 



T 100 90 

760 
770 
780 
790 4.930 
BOO 4.914 
810 4.899 
820 4.884 
830 4.869 4.743 
840 4.854 4.728 
850 4.839 4.714 
860 4.823 4.699 
870 4.000 4.604 
880 4.793 4.670 
890 4.778 4.655 
900 4.763 4.640 
910 4.748 4.626 
920 4.732 4.611 
930 4.717 4.597 
940 4.702 4.583 
950 4.687 4.568 
960 4.672 
970 4.657 
980 4.641 
990 

a b'103 

6.12822 -1.51722 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 274. Density studies: CdCl;PhCb 

Investigations critically re·examined 

Ref. PbCl. Temp. range Comments 
Mol % (T) 

26" 0-100 75::!-GGS c"n m"teri~l, .ili,,~- e:l~." 
dHatometer; calibration: 
molten AgN03 

94b 0-100 (g) 873 

206 50-80 753 Cell material: Pt sphere and 
Pt wire 

'Boardman et al. [26] applied corrections for the shape of the 
meniscus, buoyancy and expansion of the silica dilatometer. The 
authors remark that the method cannot he used above 700-750 'C 
due to chemical attack on the silica glass. A maximum error of 
±0.20% in the density values was reported. The density values for 
pure CdC]" .. nd PbCl. were tho£e recomm"nd .. d in-NSRnS-NRS-)!) 

[11· 
"Data bom reference £261. 

80 

4.613 
4.599 
4.584 
4.570 
4.556 
4.542 
4.528 
4.514 
4.500 
4.486 
4.472 
4.459 
4.445 

TABLE 275. CdCk·PbCl.: Density (g em-a) 

Mol percent PbCl. 

70 - 60 50 40 30 

4.441 
4.567 4.426 4.282 
4.552 4.412 4.267 
4.537 4.397 -4.253 
4.522 4.382 4.238 4.089 
4.508 4.368 4.223 4.076 
4.493 4.354 4.210 4.062 3.909 
4.479 4.340 4.196 4.Q48 3.896 
4.465 4.326 4.183 4.035 3.883 
4.451 4.312 4.170 4.022 3.871 
4.437 4.299 4.157 4.010 3.859 
4.423 4.206 4.144 3.997 3.047 

4.409 4.272 4.131 3.985 3.835 
4.396 4.259 4.119 3.973 3.824 
4.382 4.247 4.106 3.962 3.813 
4.369 4.234 4.094 3.950 3.802 
4.356 4.222 4.083 3.939 3.792 
4.343 4.209 4.071 3.929 3.782 
4.330 4.197 4.060 3.918 3.772 
4.317 4.185 4.049 3.908 3.762 

4.038 3.898 3.753 

TWQ·dimensional equation and statistical parameters 
p = a + bT +cCl' + dTC + eCT2 

20 

3.752 
3.739 
3.727 
3.715 
3.703 
3.691 
3.680 
3.670 
3.659 
3.649 
3.639 
3.630 
3.621 

- 3.612 

10 

3.603 
3.590 
3.578 
3.566 
3.554 
3.543 
3.532 
3.521 
3.511 
3.501 
3.492 
3.483 
3.474,-
3.466 
3.458 
3.450 

C '10~ d'105 e' lOS Max. percent 
departure 

0.36% 
-2.23281 -3.28610 2.16864 (788.2 K 58.2 

mol % CdC},) 

981 

U 61.6 

4.464 
4.449 
4.434 
4.420 
4.405 
4.391 
4.376 
4.362 
4.348 
4.335 

3.378 4.321 
3.367 4.308 
3.357 4.295 
3.348 4.282 
3.339 4.269 
3.330 4.256 
3.321 4.243 
3.314 4.231 
3.306 4.219 
3.299 4.207 
3.292 4.195 
3.286 
3.280 
3.275 

Stand. 
error 
of est. 

0.13% 

These values are based on the work of Boardman et al. (dilatometric method) [26]. C = mol % CdC!.. 

J. Phys. Chern. Ref. Data, Vol. 4,. No. 4,-1975 
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T.~BLE 276. CdCI,-PbC]': Density (g em-3 ) 

T 100 

760 
770 
780 
790 4.927 
800 4.912 
810 4.897 
820 4.882 
830 4.867 
840 !' 4.852 
850 4.837 
860 4.822 
870 4.t!UI 

880 4.792 
890 4.777 
900 4.762 
910 4.H7 

920 4.732 
930 4.717 
940 4.702 
960 4.697 
960 4.672 
970 4.657 
980 4.642 
990 

Mol % PbCI. 

o 
20.1 
41.8 
67.2 
79.4 

100 

Mol percent PbCI, 

79.4 67.2 41-8 

4.545 
4.531 
4_518 
4.504 4.116 
4.490 4.104 
4.476 4.093 

4.620 4.462 4.081 
4.606 4.448 4.069 
4.592 4.434 4.057 
4.577 4.420 4.045 
4.563 4.406 4.034 
4.b4Y 4.iSn 4.U:l:l 

4.534 4.378 4.010 
4.520 4_365 3.998 
4.506 4.351 3.986 
4.491 4.357 3.975 
4.477 4.323 3.963 
4.463 4.309 3.951 
4.449 4.295 3.939 
4.434 4.261 3.927 

3.916 
3.904 

i 
Temperature-dependent equatlons 

p = a + bT 

a 

4.099 
4.584 
5.048 
5.602 
5.793 
6.112 

20.1 

3.747 
3_737 
3.727 
3.717 
3.706 
is.bYe. 

3.686 
3.676 
3.666 
3.655 

3.645 
3.635 
3.625 
3.615 

b' ]04 

- 8.4 
-10.2 
-11.8 
-13.9 
-14.3 
-15.0 

0 

3.377 
is.iSOY 

3.360 
3.352 
3.343 
3.335 
3.327 
3.318 
3.310 
3.301 
3.293 
3.285 
3.276 
3.96S 

These values are based on the work of Boardman et al. (dilato
metric method) [26]. 
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Ref. 

36' 
206 

, TABLE 277. Viscosity studies: CdC),-PbCI, 

Investigations critically re-examined 

PbCI, 
Mol % 
0-100 
50-80 

Temp. range 
(T) 

713-853 
753 

'Harrap and Heymann [361 measured viscosities using a capillary 
viscometer constructed from B.T.H.-CI4 glass and calibrated with 
molten potassium nitrate. 
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T foo 
720 
730 
740 
750 
760 
770 
780 

790 
800 4.02 
810 3.80 
020 3.61 
830 3.43 
840 3.26 
850 3.10 
960 , 2.95 
870 2.82 
880 2.69 
890 2.57 
Q()() 2.46 

910 2.36 
920 2.26 
930 2.17 
940 2.08 
950 2.00 

, 

'I 
Mol % PbCl, I a 

0.0 

I i 
25.4 [55.1409J 
51.8 49.6580 
64.2 

I 
214.700 

I 74.9 71.2361 
100.0 

TABLE 278. CdCb·PbC]': Viscosity '(cp) 

74.9 

4.54 
4.31 
4.08 

3.87 
3.67 
3.49 
3.31 
3.15 
3.00 
2.86 
2.73 
2.61 
2.50 
2.41 
2.32 
2.25 
2.19 
2.13 
2.09 
2.06 

b·1O 

[ -1.3302] 
-1.0583 
-6.8724 
-1.6607 

Mol percent PbCl. 

64.2 

5.31 
4.97 
4.65 
4.36 
4.10 
3.86 
3.04 

3.45 
3.27 
3.12 
2.98 

2.85 
2.74 
2.64 
2.55 
2.47 
2.39 
2.32 
2.26 

2.19 
2.13 
2.06 
1.99 
1.92 

Temperature·dependent equations 

'1J = a + bT + c1'2 + drs 
"I ='.4 • axp (£IRT) 

c'104 d'lOB 

[1.0572] [-2:6042] 
0.6711 -0.9114 
7.4766 -27.3707 
1.2262 -2.5744 

51.8 

3.99 
3.80 
3.62 
3.44 
3.28 
3.13 
2.98 

2.84 
2.71 
2.60 
:lAS 

2.38 
2.29 
2.21 
213 
2.06 
2.00 
1.95 
1.91 
1.88 

\ 

25.4 0 

[2.57] 
[2.471 
[2.87] 
[2.29J 

" 
[2.21] 2.27 
[2.14J 2.21 
{'l.Il?] 2.1S , 
[2.02] 2.10 
[1.97J 2.05 
[1.92] 2.00 
f1.891 1.96 
[1.86] 1.91 

E Stand. error A • 102 
(cal mol- 1 ) of est. 

,22.47 4041 0.240/0 

1.28% 
8,.76% 
1.820/0 

4.915 6999 1.37% 

TABLE 279. Surface tension studies: CdCI.·PbC]' TABLE 280. CdCl,.PhCI.: Surface tension (dyncm- 1 ) 

Ref. 

234' 

Investigations critically re.examined 

PhCl. 
Mol % 

0-100 (g) 

Temp. range 
iT) 

873,973 

'Data were presented in graphical form. The capillary was drawn 
from Briti~h·ThQm'Qn.lIou.ton C4G 1',1 .... tuLiug, aUl) -the (;aIHJ".liuu 

was preformed with tap water. After each series of measurements on 
a particular mixture, the~apillary viras recalibrated. The maximum 
uncertainty was given bj.· the authors [234] as ± 1 %. 

Mol % PhCb 873 K 973 K 

0 83.4 81.2 
10 86.8 84.3 
20 90.7 87.5 
30 94.0 90.5 
40 98.7 94.0 
50 103.0 97.5 
60 107.0 101.0 
70 112.0 104.5 
80 116.5 108.5 
90 122.0 112.7 

100 127.5 117.0 

These values have been interpolated to three significant figures 
from the graphical presentation of Boardman. Palmer. and Heymann 
(maximum bubble pressure method) 1234]. 

J.Phys. Chern. Ref. DatCl, Vol. 4, No.4, 1975 
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900 

u 
~ 700 

300 

60 

Mol % RbCI 

80 100 
RbCI 

l"JGURE 3(). Temperature.composition phase diagram for CdCbfibCI. 

F. Hofmann, Neues lahrb. Min. Abt., 55, 149-62 
(1926-7). 

)j, .P. Uergunov, Uoklady Akad. Nauk. U.S.S.R., 64, 
516-20 (1949). 

Melt Preparation ane! Purification 

Preparation of pure CdCb described by Bloom et a1. 
[103] is discussed under the system CdCb·CsC!. Koch. 
Light RbCI was used without further purification. Standard 
methods of analysis were used for the pure materials as 
well as the molten mixtures." 

TABLE 281. Density studies: CdC)"·RbCl 

Investigations critically re·examined 

Ref. RhCI Temp. range Cell material Calibra tion Mol % (T) 

103 0-100 857~1l98 Sinker of 10% Rh·Pt, Water 
Pt suspension wire 

Deviations from previous NSRDS recommendations: [1, p. 6] 

Ref. RbCl Min. departure Max. departure Mol 0/0 
103 1.00 0.10% (100 K) 0.41 % (1198 K) 

J. Phys. (hem. Ref. Data, Vol. 4, No.4, 1975 

TABLE 282. CdCI •. RbCl: Density (g cm- 3) 

T 100.0 
860 
875 
890 
905 
920 
935 
950 
965 
980 
995 2.244 

1010 2.231 
1025 2.219 
1040 2.206 
1055 2.193 
1070 2.180 
1085 2.167 
lIOO 2.155 
1115 2.142 
1130 2.129 
1145 2.116 

1160 2.103 
1175 2.091 

Mol % RbCI 

0.0 
25.6 
39.9 
51.2 
62.3 
77.4 
89.7 

100.0 

89.7 77.4 62.3 51.2 39.9 
2.901 

2.747 2.887 
2.734 2.872 

2.595 2.720 2.857 
2.582 2.707 2.842 

2.443 2.569 2.693 2.827 
2.430 2.557 2.680 2.812 
2.'H6 2.544 2.M7 2.797 
2.405 2.531 2.653 2.783 
2.392 2.518 2.640 2.768 

2.321 2.379 2.505 2.627 2.753 
2.309 2.3GU 2.493 2.613 2.738 

2.296 2.353 2.600 2.723 
2.283 2.341 2.587 
2.271 2.328 
2.258 2.315 
2.245 
2.233 
2.220 
2.207 

2.194 
2.182 

Temperature·dependent equations 
p u+ 1,T 

a b'103 

4.059 -0.800 
3.915 -0.937 
3.754 -0.991 
.3.526 -0.890 
3.367 -0.853 
3.243 -0.855 
3.177 -0.847 
3.092 -0.852 

25.6 0.0 

3.081 
3.067 
3.053 3.323 
3.039 3.311 
3.025 3.299 
5.011 5.287 
2,997 3.275 
2.983 3.263 
2.969 3.251 
2.9!j5 3.239 
2.941 3.227 
2.926 3.215 
2.912 3.203 

Stand. 
deviation 

0.0006 
0.0006 
0.0009 
0.0006 
0.0006 
0.0006 
0.0007 

These values are based on the work of Bloom et aL (Archimedean 
method) [103]. 
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TABLE 283. Electrical conductance studies: CdC)'.TICI 

Investigations critically re·e,xaEoimld 

TICl Temp. range Comments 
1101% (T) 

O-HlO 873,973 Cell material: silica and quartz 
U·tubes; Pt electrodes; 

i calibration: IN KCl 

35-100 73~773 Cell material: glass cell; 
Pt electrodes; {req. range: 
1200 Hz; calibration: 
molten KNO, 

I 
20 110 73:'>-793 Cell mated"j, Pyrex cell; 

Pt electrodes; calibration: O.lN 
and O.OlN NaC] solutions 

Comparison wllh NSRDS recommendations [1, p 12 and 
this volume] 

TICI Min. departure Max. departure 
Mol % 

100 0.470/0 (873 K) - 2.5% (973 K) 

100 2.0% (756 K) 2.2% (773 K) 

100 0,220/0 (773 K) 1.90/0 (733 K) 
100 -0.330/0 (733 K) - 2.5% (773 K) 
70 4.8% (733 K) 9.0% (773 K) 

60 U.U'}'o ('I33KJ Z.B'Yo \ 113 K) 

57.5 -0.90/0 (753 K) 3.2% (773 K) 

55 -0.88% (773 K) - 2.7%(733 K) . 
52.5 -2.8% (763K) - 4.00/0 (743 K) 
50 -6.2% (773 K) - 7.6% (733K) 
45 -5.8% (773 K) -12.0% (733 K) 

40 -0.41 % (773 K) - 7.70/0 (733 K) 

FIGURE 37. Temperature.composition phase diagram for CdCl,·TICl. 

T 

735 
740 
745 
750 
755 
760 
765 
770 

A. P. Polkin and 1. P. Palyura, Zh. Neorgan. Khim., 
4, [l1J, 253 (1959). 

TABLE 284. CdC]'.TICl: 

Mol percent TICI 

100 75 70 65 60 57.5 55 

1.237 1.046 1.030 1.018 1.016 1.023 1.032 
1.254 1.060 1.044- 1.032 1.030 1.037 1.046 
1.272 1.074 1.059 1.046 1.044- 1.051 1.060 
1.290 1.088 1.073 1.059 1.058 1.065 1.074 
1.309 1.10:', 1.088 1.073 U72 1.079 1.088 
1.328 1.117 1.102 1.087 1.086 1.093 1.103 
1.348 1.132 1.117 1.Hll 1.100 1.107 1.117 
1.368 1.146 1.131 1.114· 1.114 1.121 1.131 

Tl'mpp.T3tnrA.depenej,mt eqllations 

K a+ bT + cT'l-

Mol % TICI a' 101 b'104 

35 - 2.5790 6.0841 
40 -13.153 32.800 
45 60.754 I -16L62 I 
50 -12.085 30.800 
52.5 -10.922 29.000 
55 -10.633 28.501 
57.5 -10.3408 28.000 
60 -10.646 28.300 
65 -10.031 27.500 
70 -10.866 28.800 
75 6.5343 -16.910 

100 27.778 -76.773 

52.5 50 45 40 35 

1.039 1.055 1.082 1.096 1.126 
1.054 1.071 1.096 1.112 1.142 
1.068 1.086 1.1lO. 1.128 1.158 
1.083 1.102 1.124 1.145 1.174 
1.097 . 1.117 1.139 1.161 1.190 
1.112 1.132 1.155 1.178 1.206 
1.126 1.148 1.171 1.194 1.222 
1.141 1.163 1.188 1.210 1.238 

Stand. 
C' 106 error 

of est. 

1.7336 0;02% 
0 0.11% 

12.746 0.090/0 
0 0.04% 
0 0.00% 
0 O.D4% 
0 0.040/0 
0 0.05% 
0 ,0.030/0 
0 

\ 

0.08% 
3.0277 0.04% 
7:5924 0.07% 

- - - ----
These values are balOed on the 'Work of Protsenko and Popovskaya (classical ae technique) [14J. 

J. Phys. Chem. ReI. Delta, Vol. 4,No. 4,1975 
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TABLE 285. Density studies: CdCI".TICI 

Investigations critically re·examined 

Ref. TICI Temp. range Cell material Calibration 
Mol % (T) 

195 0-100 673-968 Quartz float (W core), Pt suspension wire Distilled water 

204 0-100 (g) 873 Pt float 

Deviations from previous NSRDS recommendations: [1, pp. 11, 121 

Ref. TICl Min. departure Max. departure Mol 'Po 

195 100 0.00% (7BO K) -0.120/0 (720 K) 
195 0 0.00% (960 K) 0.06% (BOOK) 

TABLE 286. CdCI".TICl: Density (g em-a) 

Mol percent TICI 

T 100 90 80 70 60 50 40 30 20 10 0 78 

680 5.083 
690 5.364 5.067 4.816 5.013 
700 5.348 5.051 4.801 4.998 
710 5.331 5.035 4.786 4.572 4.207 4.982 
720 5.314 5.019 4.770 4.558 4.370 4.196 4.965 
730 5.652 5.297 5.002 4.754 4.543 4.357 4.184 4.014 4.949 
740 5.634 5.280 4.985 4.738 4.528 4.343 4.172 4.004 4.932 
75U 5.617 5.262 4.968 4.722 4.513 4.329 4.160 3.994 4.915 
760 5.599 5.245 4.951 4.706 4.498 4.315 4.148 3.983 4.898 
770 5.580 5.227 4.933 4.689 4.482 4.301 4.135 3.973 4.881 
780 5.562 3.962 
790 3.785 
800 3.776 
810 3.767 
820 3.758 
030 
B40 3.567 
850 3.559 
860 3.551 
870 _ 3.543 
880 3.535 3.347 
890 3.342 
900 3.336 
910 3.330 
920 3.324 
930 3.317 
940 3.310 

·950 :I~O.~ 
960 3.296 

Two·dlmtlllsional equation and stalJstical parameters 
p a + be + cTJ + d(;2 + eGl! .J.. fT(;2 

b· 102 Max. percent Stand. a c· 10" d'104 e' 106
. f· J01 error departure 

of est. 

0.43% 
6.28372 -3.87720 -1.1861U 2.39421:1 -l.tlYb36 1.5467b (tlI4.2 K, 80 mol '1'0 0.23% 

CdCl.) I 
These values are based on the work of Markov et al. (Archlmedean method) [195}. C = mol % CdCI •. 

TABLE 287. CdCI.·TICI: Density 

Mol percent TICI 

T 100 90 80 70 60 50 40 30 20 0 
680 5.089 
690 5.346 5.072 4.822 
700 5.328 5.054 4.806 4.228 
710 5.311 5.037 4.790 4.572 4.214 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 2!l7. CelCb-TICI: Density-'-Coniinued 

Mol percent TICi' 

.(1' 100 90 80 70 60 50 40 30 20 0 

720 5.294 5.020 4.774 4.558 4.377 4.200 
730 5:664 5.276 5.003 4.758 4.544 4.363 4.187 4.014 
740 5.647 5.259 4.986 4.742 4.529 4.349 4.173 4.002 
750 5.630 5.241 4.968 , 4.726 4.515 4.335 4.160 3.989 

760 5.613 5.224 4.951 4.710 4.500 4.321 4.146 3.977 
770 5.596 5.207 4.934 4.694 4.486 4.307 4.132 3.964 
780 5_580 3.952 
790 , 3.774 
800 

I 
3.763 

810 3.752 
820 3.740 

830 
B40 
850 
860 
870 
880 

: 3.358 
890 3.350 
900 3.341 

910 3.333 
920 

\ 

3:325 
930 3.316 
940 3.308 
950 

I 
3_299 

960 3,291 

Temperature-dependent equations 
p='" I bT 

Mol % TICl a b·104 

0 4.098 - 8.40 
20 4.661 -11.22 
30 4.922 -12.43 
40 5.180 -13.60 
50 5.398 -14.18 
60 5.593 -14.37 
70 5.931 -16.07 
80 6.259 -17.21 
90 6.548 -17.42 

100 6.892 -16.82 

These values are based on the work of Markov et al. (Archimedean method) [195]. 

CdCb-ZnCb 

U 600 
~ 

" " ~ 400 
" Q. 
E 
~ 

200 

0 20 40 60 80 100 
CdCIZ 2nCIz 

Mol "10 ZnClz 
F1CURE 38. Temperature-composition phase diagram for CdCb

ZnO,. 

G. Herrmann, Z. anorg. Chem., 71, 257-302 (l911). 

Melt Preparation and Purification 

Markov et al.. [93] used "analytical" grade cadmium 
and zinc chloride, which were further purified by recrys
tallization and dehydration with anhydrous hydrogen 
chloride_ Hydrogen chloride gas was removed from the 
melt with dry argon. Zinc chloride was distilled from n 

quartz retort into ampoules. The salt mixtures were 
weighed and prepared in a dry chamber, and were trans- . 
ferred to the quartz floats under an atmosphere of ·dry 
argon. 

J. Phys. Chem. Ref. Data, Vol; 4, No.4, 11>75 
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TABLE 288. 

Investigations critically re·examined 

Ref. ZnCIo Tt:.mp_ UIUgt: C~1I material Calibration 
Mol 0/0 (T) 

93 0-100 628--968 Quartz ball (containing tungsten for weight) Water and carbon 
tetrachloride 

Deviations from previous NSRDS recommendations: [1, pp. 10, llJ 

Ref. ZoCI. Min. departure Max. departure 
Mol 0/0 

93 100 0.00/0 (680K) -0.24% (760 K) 
93 0 1.320/0 (920 K) 1.370/0 (880 K) 

Comment: Markov et al. [93] made no corrections for the expansion of the quartz float since the errors involved were considerably less 
than the accuracy of the density measurements (±0.20/0). The volume of the floats was checked after each experiment. 

TABLE 289. CdCb·ZnC!,: 

Mol percent ZnCI. 

T 100 90 80 70 60 50 40 30 20 10 0 92 

630 2.502 
645 2.496 
660 2.489 2.587 2.567 
675 2.481 2.580 2.560 
690 2.474 2.572 2.553 
705 2.467 2.565 2.663 2.545 
720 2.459 2.557 2.655 2.538 
735 2.451 2.549 2.647 2.746 2.530 
750 2.443 2.541 2.640 2.738 2.522 
765 2.533 2.631 2.730 2.514 
780 2.525 2.623 2.721 2.819 2;506 
795 2.517 2.615 2.713 2.811 
810 ' 2.508 2.606 2.704 2.802 2.900 
825 2.499 2.598 2.696 2.794 2.892 
840 2.491 2.589 2.687 2.785 2.883 
855 2.776 2.874 2.972 3.070 
870 2.767 2.865 2.963 3.061 3.159 3.257 
885 2.757 2.855 2.953 3.051 3.149 3.247 3.346 
900 2.944 3.042 3.140 3.238 3.336 
915 2.934 3.032 3.130 3.228 3.326 
930 3.316 
945 

I 
3.306 

960 3.296 

Two-dimensional equation and statistical parameters 
p-a+ bC+eT" -

Stand. 
a b· HJ3 C. 101 Max. percent departure error 

of est. 

2.64349 9.80560 -3.55640 -0.340/0 O.ll% 
(843.2 K, 10 mol % CdC),} 

These values are based on the work of Markov et al. (Archlmedean method) [193], 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 290. CdCI .. ZnCl.: Density (g om-3) 

Mol percent ZnC], 

T 100 I 90 82 70 60 50 40 30 20 10 0 

630 2.503 
640 2.498 
650 2.493 2.593 
660 2.488 2.588 
670 2.483 2.583 

i 680 2.478 2.578 I 690 2.473 2.573 
700 2.468 2.568 2.643 
710 2.463 2.563 2.638 
720 2.458 2.558 2.633 
730 2.453 2.553 2.628 2.745 

J 

740 2.448 2.548 2.623 2.739 I 
750 2.443 2.543 2.618 2.734 I , 
760 2.438 i 2.539 2.613 2.729 

I 
770 i 2.534 2.60B 2.723 
780 I 2.529 2.603 2.718 2.818 
790 2.524 2.597, 2.713 2.812 
800 I 2.519 2.592 2.707 I 2.807 2.908 
810 I 2.514 2.587 2.702 

! 
2.801 2.902 

H2O 2.509 2.582 2.(j9(j 2.795 Z.B96 

830 2.504 2.577 2.691 2.790 2.890 
840 2.499 2.572 2.686 2.784 2.884 

-, 

850 2.778 2.878 2.972 - 3.073 
060 2.772 2.872 2.905 3.067 3.165 3.269 
870 2.767 2.866 2.959 3.060 3.158 3.261 
880 2.761 2.860 2.953 I 3.053 3.151 3.254 3.358 
890 2.755 2.946 ! 3.047 3.144 3.246 3.350 
900 2:940 3.040 - 8.137 8.288 3.341 
910 2.933 3.033 - 3.129 3.231 3.333 
920 2.927 3.027 3.122 3.223 3.325 
930 3.316 
940 3.S{!B 
950 I 3:299 
960 i 3.291 I i 

Temperature·dependent equations 
p=a+ bT 

Mol % ZnCI. a b'104 

0 4.098 -8.40 
10 3.920 -7:57 
20 3.785 -7:20 
30 3.643 -6.70 
40 -3.516 -6.40 
50 3.388 -6.00 
60 3.263 -5;70 
70 3.135 -5.35 
80 2.997 -5.06 
90 2.916 -4.96 

100 2.822 -5.06 

These values are based on the work of Markov et al. (Archimedean method) [93]. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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Melt Preparation and Purification 

Smh:nov and Lbov [106] used "chemically pure" 
recrystallized KCl. The CeCla was dehydrated by heating 
with an excess of NH4CI at reduced pressure. The tempera
ture was gradually increased until the salt melted and 
NH4CI vapors ceased to appear, 

TABLE 291. Density studies: CeC!,·KCI 

Investigations critically re-examined 

Ref. KCl Temp. range Comments 
Mol % (T) 

106" O-HlOb 1073-1173 Cell material: tungsten float; 
calibration: molten KCl 

Deviations from previous NSRDS recommendations; [1, p. 8] 

Ref. KCl Min. departure Max. departure 
Mol % 

106 0 0.00/0 (1100 K) -0.16% (1l60K) 

FIGURE 39. Temperature·composition phase diagram for CeCb·KCI. 

'S",;rnoy and Lbo ... [1061 "heel,od the reliability of their ", .. thnil 

by density measurements on molten NaC] in the temperature range 
of interest. The values obtained agreed to ±1 % with the literature 
data of Yaffe and Van Artsdalen (J. Phys. Chem., 60, 1125, 1956). 
The author. report an ."""racy of ±O.002 g cm-a in the density 
values for their mixtures. Ir-Chzhu Sun and 1. S. Mordzov, Zhur. Neorg. Khim., 

3, 1916 (1958). bData at 100 mol % KCl reported graphically. 

T 

1075 
1080 
1085 
1090 
1095 
1100 
1105 
1110 
1115 
1120 
1125 
1130 
1135 
1140 
1145 
1150 
1155 
1160 
1165 
1170 

90 

·1.827 
1.823 
1.820 
1.816 
1.813 
1.810 
1.806 
l.803 
1.799 
1.796 
1.792 
1.789 
1.785 
1.782 
1.778 
1.775 
1.771 
1.768 
1.764 
1.761 

Mol % KCl 

o 
15 
30 
45 
60 
75 
80 
90 

80 

2.117 
2.113 
2.110 
2.106 
lUOS 
2.099 
2.096 
2.092 
2.089 
2.085 
2.082 
2.078 
2.075 
2.071 
2.068 
2.064 
2.061 
2.057 
2.054 
2.050 

Mol percent KCI 

75 60 45 

2.246 2.476 2.677 
2.242 2.472 2.673 
2.238 2.468 2.669, 
2.235 2.465 2.665 
2.2S1 2.461 2.661 

2.227 2.457 . 2.<i58 
2.223 2.453 2.654 
2.220 2.449 2.650 
2.216 2.445 2.646 
2.212 2.441 2.642 
2.208 2.438 2.638 
2.204 2.434 2.634 
2.201 2.430 2.630 
2.197 2.426 2.626 
2.193 2.422 2.622 
2.189 2.418 2.618 
2.185 2.414 2.614 
2.182 2.410 2.610 
2.178 2.407 2.606 
2.174 2.403 2.603 

Tt:lllVClalul~·tlt~'.lJClH.lt:Ul eyuatiUJlb 

p= a+ bT 

a 

4.::1::16 
4.016 
3.829 
3.521 
3.306 
3.062 
2.868 
2.574 

These values are based on the work of Smirnov and Lbov (Archimedean method) [106]. 
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30 15 

2.878 3.064 
2.873 3.059 
2.869 3.055 
2.864 3.050 
2.660 3.046 

2.856 3.041 
2.851 3.037 
2.847 3.033 
2.842 3.028 

2.838 3.024 
2.833 3.019 
2.829 3.015 
2.825 3.010 
2.820 3.006 
2.816 3.002 
2.811 2.997 
2.807 2.993 
2.802 2.988 
2.798 2.984 
2.794 2.979 

b· J08 

-1.000 
-0.886 
-0.885 
-0.785 
-0.772 
-0.759 
-0.699 
-0.695 

0 

3.261 
3.256 
3.251 
3.246 
3.241 
3.236 
3.231 
3.226 
3.221 
3.216 
3.211 
3.206 
3.201 
3.196 
3.191 
3.186 
3.181 
3.176 
3.171 
3.166 
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F1GURE 40. Temperature·composition phase diagram for CsCJ-GaClo. 

P. I. Fedrov and V. V. Tsimbalist, Zh. Neorgan. Khim., 
9, [7], 1676 (}964); Russ. J. Inorgan. Chern. (English 
Translation), 910 (1964). 

TAHLJ:: 293. Electrical conductance studies: CsU·GaCb 

Ref. 

80' 

Investigations critically re·examined 

GaCL 
Mol 0/0 

10-98 (g) 

i 

Temp. range 
(T) 

373-973 

Comments 

Cell material: quartz or Pyrex, 
depending·on temperature 

I
~ range; calibration: molten KCI, 

O.lN and l.ON KG solutions 

• Arbekov and Petrov [SO] reported a 20/0 accuracy in their meas· 
urements and' found differences of up to 5% in calibrating their cell 
depending upon the solution used. 

TART. ... 2Q4. r..Cl.GaCl., Speoific conductanoo (ohm -1 em-I) 

MoJ% 
GaCI. 

10 I 
20 I, 

30 
40 
50 
bU 

70 
80 
90 

100 

373K 473K 573K 673K 773K 873K 973K 

1.00 
0.67 0.78 
0.53 0.64 

0.41 0.50 0.60 
0.33 0.43 0.54 0.67 
0.32 0.43 0.54 0.65 

0.20 , 0.29 0.40 0.50 
0.04 0.09 0.16 0.23 . 0.34' , 

I I 

D.03 0.05 0.10 

I 

0.16 

I <0.01 <0.01 i 

These values have been interpolated to two significant figures 
from the graphical presentation of Arbekov and Petrov (classical 
ac technique) [SO]. 
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FIGURE 41. Temperature·composition phase diagram for CsCI·KG. 

O. S. Dombrovkaya, Zh. Obshch. Khim., 3 [B]; 1019 
(1933) • 

Melt Preparation and Purification 

Salts' used in reference [98] were Merck p.a. reagents 
and were purified by the procedure described under the 
system CsCI·LiCl. 

TABLE 295. Electrical conductance studies: CsCI·KC! 

Investigations criticallv re-examined 

Ref. KCI Temp. range Comments 
Mol % (T) 

9S" 0,25,50. 943-1193 Cell material: quarlz or &Hica 
75, HIO glass capillary cell; PI 

electrodes; freq. range: 1000-
711110 H~; I'~JihTMion' O.lM and 

tOM KC! solutions 

218 eutectic (g) I 890-1273 

Deviations from previous l'\SRDS recommendations: U. pp. 5.61 

Ref. KCI Min. departure Max. departure Mol % 

98 100 0.04% (1180 K) -0.31 % (lOBO K) 
9R 0 0.60% (940K) -8.10% (1090K) 

'Zuca and Olteanu [98] report, in addition to experimental spe. 
cific conductivities, Arrhenius equations· (equivalent conductance as 
a function of temperature) with standard deviations for E,\, the 
activation energy, in the range: l.0 X 10-2 Kcal mol-1 (0 mole % 
KCI, EA = 4.0 Keal mol-') to 2.9 X 10- 2 Kcal mol- 1 (75 mole % 
KCl, EA = 3.69 Kca! mol-'). . 
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TABLE 296. CsCl·KCl: Specific conductance (ohm-1 em-I) 

T 

950 
960 
970 
980 
990 I 1000 

1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
noo 
1110 
H2O 
1130 
1140 

1150 
1160 
1170 
llSO 

1190 

Mol percent KCl 

100 75 50 25 

1.623 
1.644 
1.666 

2.198 1.895 1.687 
2.223 1.919 1.708 1.569 
2.249 1.943 1.730 1.588 
2.273 1.966 1.751 1.607 
2.298 1.989 1.772 1.626 
2.322 2.011 1.793 1.644 
2.346 2.033 ViI5 ].663 
2.369 2.054 1.836 1.682 
2.392 2.075 1.857 1.701 

2.415 2.095 1.879 1.720 
2.437 2.115 
2.459 I 2.4S0 

I 2.501 

Temperature.dependent equations 
K:::: a + bT + c1'2 

Mol % KCl a b'103 C. JOB 

0 -1.9170 4.3411 -1.1192 
25 -0.4635 1.8990 0 
50 -0.5701 2.1293 0 
75 ..,...3.4350 7.6141 -2.4396 

100 -2.9614 7.1219 -2.1277 
.- - - - - -

0 

1.197 
1.219 
1.241 
1.262 
1.284 
1.305 
1.326 
1.346 
1.367 
1.387 
1.407 
1.427 
1.447 
1.466 
1.485 

I 

Stand. 
error 
of est. 

0.02% 

I 
0.100/0 
0.130/0 
0.09% 
0.02% 

These values are based on the work of Zuca and Olteanu 
(classical ac technique) [98). 

TABLE 297. Density studies: CsCl·KCl 

Investigations critically re·examined 

Ref. KCl Temp. range Comments 
Mol 0/0 (T) 

98" 0,25,50, 933-1213 Cell material: Pt ball; 
75, 100 calibration: water 

Deviations from previous NSRDS recommendations: [I, pp. 5,6] 

Ref. KCl Min. departure Max. departure 
Mol % 

98 100 0.01 % (1100 K) 0.18% 0200 K) 
98 0 0.30% 0040 K) 0.36% ( 960 K) 

"Density results In reference [98] were reported as hnear tempera· 
ture dependent equations with standard deviations in the range: 
2 X 10-4 g cm-s (0 mol % KC!) to 8 X 10- 4 g cm-s (l00 mol % 
KG]). 

TABLE 298. CsCJ-KCJ: Density (g cm-S) 

Mol percent KC! 

T 100 90 80 70 60 50 40 30 20 10 0 

940 2.782 
950 2.672 2.771 
960 

I 

2.559 2.662 2.760 
970 2.443 2.549 2.651 2.74B 
9BO 2.434 2.539 2.640 2.737 
990 2.315 2.425 2.529 2.630 2.726 

]000 2.193 2.306 2.415 2.520 2.619 2.714 
1010 2.067 2.185 2.298 2.406 2.510 2.609 2.703 
1020 1.938 2.060 2.177 2.289 2.397 2.500 2.598 2.692 
1030 1.931 2.052 2.168 2.280 2.387 _ 2.490 2.587 2.680 
1040 1.798 1.924 2.044 2.160 2.271 2.378 2.480 2.577 2.669 
1050 1.661 1.791 1.916 2.037 2.152 2.263 2.369 2.470 2.566 2.657 
1060 1.!'i20 1 h55 1.784 1.909 2.029 2.]44 2.254 2.359 2.459 9.555 ?h4h 
1070 1.514 1.648 1.778 1.902 2.021 2.136 2.245 2.350 2.449 2.544 2.634 
1080 1.508 1.642 1.771 1.895 2.013 2.127 2.236 2.340 2.439 2.533 2.622 
1090 1.502 1.636 1.764 1.887 2.006 2.119 2.227 2.331 2.429 2.522 :!.611 
1100 1.496 1.629 1.757 1.880 1.998 2.111 2.219 2.321 2.419 2.512 
lll0 1.490 1.623 1.750 1.873 1.990 2.102 2.210 2.312 2.409 2.502 
1120 1.484 1.616 1.744 1.866 1.982 2.094 2.201 2.302 2.399 
1130 1.478 1.610 1.737 1.858 1.975 2.086 2.192 2.293 2.388 
1140 1.472 1.604 I 1.730 1.851 1.967 2.077 2.183 2.283 I 
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T 100 90 

1150 1.466 1.597 
1160 
1170 

1180 1.448 1.578 
1190 1.442 
1200 1.436 
1210 1.429 

11. b. 104 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 298. CsCl-KCI~ Density (g cm-S)-Continued 

80 

1.723 

·Mol percent KCl 

70 60 50 40 

I 

I 
Two·dimensional equation and statistical parameters 

p - a + bT + cC + dTC' + eCT2 -

~ • 102 d·108 " • 109 

30 

999 

20 10 0 

Max. percent Stand. error 
departure of est. 

0.36% 
2.16370 -6.06810 1.53705 -2.29426 -1.50186 (993.2 K, 50 -0.16% 

mol % KCI) 

These values are based on the work of Zuca and Olteanu (Archimedean method) [98]. C = mol % CsCI. 

T 

940 
950 
960 
970 

980 
990 I 

1000 
1010 

1020 
1030 
1040 
1050 
1060 
1070 
lOBO 
1090 
1100 
llJO 
1120 
1130 
1140 
1150 
1160 
li70 , 
1180 
1190 
1200 
1210 

TABLE 299. CsCl-KCl: Density (g cm-S) 

Mol percent KCl 

100 7S 50 25 

2.497 
2.487 
2.477 

2.200 2.467 
'2.192 2.157 
2.183 2.447 

1.870 2.174 2.437 
1.862 2.165 2.427 
1.855 2.156 2.417 

1.517 1.847 2.147 2.408 
1.512 1.839 2.139 2.398 
1.506 1.832 2.130 2.3B8 
1.500 1.824 2.121 2.378 
1.495 1.816 2.112 2.368 
1.489 1.809 2.103 2.358 
1.484 1.801 2.094 2.348 
1.478 1.793 2.085 2.338 
1.472 1.786 2.077 2.328 
1.467 , 
1.461 
1.456 
1.450 
1.445 
1.439 

I 1.433 
-

Temperature-dependent equations 

p = a+ bT 

0 

2.779 
2.768 
2.757 
2.746 
2.736 
2.725 
2.714 

. 2.703 

2.692 
2.681 
2.670 
2.660 
2.649 
2.638 
2.627 
2.616 

Mol '/0 KCl a b'103 Stand. dev. 

100 3.7987 -'-1.0849 0.0008 
75 3.4567 -0.9898 0.0007 
50 3.0844 -0.8840 0.0006 
25 2.6582 -0.7654 0.0006 

0 2.1089 -0.5583 0.0002 

These values. are based 'on the work of Z\lca .and Oltean\l 
(Archimedean method) [98J. 
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FIGURE 42. Temperature-composition phase diagram for CsCl-LaCL. 

S. In-Chzhu and 1. S. :\10rozov, Zhur. Neorg. Khim., . 
3, 1914 (1958). 

Melt Preparation and Purification 

Smirnoy and Khokhlov [154J and Smirnov and 
Stepanov [177J used "pure" CsCl which was recrystal-
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lized from distilled water. The preparation of pure LaCJ 8 

is described under the system LaCl~·LaCL. 
5mirnov and Khokhlov [173] used CsCI which was 

recrystallized twice from distilled water and dried under 
vacuum in an argon atmosphere. Lanthanum trichloride 
was prepared from the hexahydrate salt by drying with 
:NII4CI, fallowed by fuaion under argon. 

5mb'nov and Stepanov [177] used recrystallized CsCI 
and their preparation of pure LaC13 is described under the 
system LaCI2·LaCb. 

The preparation of pure LaCh in reference [186] is 
described under the system KCI·NdCh. 

TABLE 300. Electrical conductance ~tudies: CsCl.LaC]' 

Investigations 

Ref. LaCI" Temp. range C(llnmenb 
Mol 0/0 (T) 

154 10.3-l()0 1073-1223 Cell material: alundum crucible 
inside sealed quartz tube; 
electrodes: Mo wire: frea. 
range: 50,000 Hz; calibration: 
molten KCI 

186' 0-100 (g) 1195 Cell material: quartz capillary 
cell; Pt eleCtrodes; freq. HllIlI".' 

100,000-250,000 Hz; caJibra· 
tion: molten CsCI, NaC], KCI 

209" 0-100 (g) H2O 

Deviations from previous NSRDS recommendations: [1, p. 8J 

i LaC!, 
Ref. ii Mol % l\Hn. departure Max. departure 

154 I 100 -15.5% (1140 K) -16.7% (1220 K) 

"Equivalent conductivities were reported. 
Comment: Smirnov and Khokhlov [154] reported their results in 

thp f()1'm llf linPRT tpmp"ratllTP. ,j"llfmnent P'luations (K a + bt) 
with standard deviations in the range: 2 X 10-3 ohm- 1 cm-' 
(l00 mol % LaC1.) to 4 X 10-3 ohm- 1 cm- 1 (l0.3 mol % LaCl.' 

TABLE 301. r.ru .• rl. Specific conductance (obm cm l) 

T 100 90.0 80.0 

1080 1.029 
) 

0.923 
1090 1.057 0.950 
1100 1.086 0.977 
1110 1.114 l.003 
ll20 1.142 1.030 
1130 1.170 1.057 
1140 1.248 1.199 1.084 
1150 

! 1.273 1.227 1.l10 
llGO i 1.299 1.255 1.137 
ll70 1.325 1.283 1.164 
1180 1.350 1.312 1.191 
1190 1.376 1.340 1.217 
1200 1.402 1.368 1.244 
1210 1.427 1.396 1.271 
1220 1.453 1.425 1.298 
1230 
1240 

Mol % LaCI, 

0 
10.30 
20.48 
30.76 
41.35 
51.40 
61.45 
70,0 

I 

80,0 
90.0 

100 

Mol % LaCI, 

70.0 61,4.5 51.40 41.35 

0.847 0.801 0.772 0.764 
0.870 0.821 0:788 0.788 
0.894 , 0.841 0.805 0.792 
0.917 0.861 0.822 0.807 
0.940 0.882 0.838 0.821 
0.963 0.902 0.855 0.835 
0.987 0.922 0.872 0.849 
1.010 0.942 0.888 0.863 
1.033 0.962 0.905 0.877 
1.057 0.982 0.921 0.892 
1.080 1.002 0.9.38 0.906 
1.103 1.022 0.955 0.920 
1.127 1.043 0.971 0.934 
1.150 1.06:3 0.988 0.948 
un 1.083 l.005 0.963 

Temperature·dependent equations 
K = a + bT 

a b' 103 

-0.442 1.812 
-0.520 1.575 
-0.827 1.649 
-0.802 1.485 
-0.767 1.418 

. -1.023 1.662 
-1.373 2.013 
-1.668 2.329 
-1.966 2.675 
-2.022 2.825 
-1.673 2.562 

30.76 

0.802 
0.817 
0.832 
0.847 
0.862 
0.876 
0.891 
0.906 
0.921 
0.936 
0.951 
0.965 
0.980 
0.995 
1.010 

These values are based on the work of Smirnov and Khokhlov (classical ac technique) [154] . 
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20.48 10.30 0 

0.954 1.181 
0.971 1.196 1.533 
0.987 1.212 1.551 
1.004 1.228 1.569 
1.020 1.244 1.587 

, 
1.037 1.259 

I 
1.606 

1.053 1.275 1.624 
1.070 1.291 1.642 
1.086 1.307 1.660 
1.103 1.322 1.678 
1.119 1.338 1.696 
1.136 1.354 1.714 
1.152 1.370 1.732 
1.169 1.385 1.751 
1.185 1.401 1.769 

1.787 
1.805 

Standard del'iation 

0.003 
0.004 
0.002 
0.002 
0.003 
0.002 
0.003 
0.003 
0.003 
0.003 
0.002 



T 90 80 

920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020· 
1030 
1040 
1050 
1060 
1070 
lOBO 
1090 
llOO 
IIlG 
1120 
1130 2.940 
1140 3.023 2.933 
115() 3.0l8 2.927 
1160 3.012 2.920 
1170 3.007 2.914 
U80 3.002 2.908 
ll90 2.997 2.901 
1200 2.992 2.895 
1210 2.987 2.888 
1220 2.982 2.881 

a b'104 

3.53260 -3.54243 

PROPERTIES OF CHLORIDES AND MIX1URES 

TABLE 302. Density studies:. CsCI·LaCI, 

Investigations critically Ie·exa-mined 
----

Ref. LaCI. Teinp. range 
Mol % (T) Comments 

177 G-94.9. 10lQ-1233 Cell material: Moor Pt 
capillary tube and crucible 

Deviations from previous NSRDS recommendations: [1, p. 6] 

R f I LaCI. e. Mol % Min. departure Max. departure 

177 I 0 1.24% (1123 K) 

Comment: Smirnov and Stepanov [177) report their density data 
in the form of linear temperature dependent equations with standard 
devintionc of ::0.002 S om -3. 

I 

TABLE 303. CsCI.LaCI,: Density (g cm-~) 

. Mol % LaC]' 

70 60 50 40 30 

, 

2.765 
2.755 

2.857 2.B12 2.775 2.744 
2.849 2.803 2.766 2.734 

2~897 2.840 2.794 2.756 2.724 
2.889 2.832 2.785 2.746 2.714 
2.8132 2.823 2.775 2.736 2.703. 
2.874 2.815 2.766 2.726 2.693 
2.867 2.806 2.757. 2.716 2.682 
2.859 2.798 2.747 2.706 2.672 
2.851 

I 

2.789 2.738 2.696 2.661 
2.844 2.780 2.728 2.686 2.650 
2.836 2.772 2.719 2.675 2.639 
2.828 2.665 

I \ 
Two·dimensional equation and statistical parameters 

.p = a+ bT + CC2 + dTC + eTCZ + fC'J'2 

c'101 d' lOG e' 108 f'10 9 

-3.30822 -4.28269 8.30068 -5.11690 

20 

2.768 
2.758 
2.748 
2.738 
2.728 
2.717 
2.707 
2.696 
2.686 
2.675 
2.664 

2.~53 
2.642 
2.631 
2.620 

1001 

10 0 45 

2.812 
2.803 
2.794 
2.785 
2.776 
2.766 
2.7,,7 

2.773 2.747 
2.764 2.738 
2.754 2.728 . 
2.744 2.718 
2.734 2.708 
2.723 2.698 
2.713 2.688 
2.703 - 2.677 
2.692 2.667 2.793 
2.682 2.784 
2.671 2.774 
2.660 2.764 
2.649 2.755 
2.638 2.745 
2.627 2.735· 
2.616 2.726 
2.605 2.710 
2.594 2.706 

2.696 

Max. percen t Stand. error 
departure of .e5t. 

-0.46!% 
(873.2 K, 100 0.17% 

mol % CsCl) 
~ These values are based on the work of Smlrnov and :,tepanov (modified maxImum bubble pressure method) [177J. C = mol % CsCl. 
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TABLE 304. CsCI.LaCl.: Density (g cm""7 S) 

Mol % LaCI. 
----

26.5 12.7 0 T 

920 
930 
940 

950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 

94.9 

3.080 
3.074 
3.069 
3.063 
3.058 
5.052 
3.047 
3.041 
3.036 
3.030 

Mol % laCk 

o 
12.7 
26.5 
39.8 
52.3 
65.0 
78.0 
89.7 
94.9 

89.7 78.0 

2.923 
2.023 2.9~6 
3.016 2.909 
3.oIO 2.903 
3.004 2.896 
2.997 2.889 
2.991 2.882 
2.984 2.875 

2.868 
2.862 

65.0 52.3 

2.867 
2.859 2.802 
2.852 2.794 
2.844- 2.786 
2.837 2.777 
2.829 2.769 
2.822 2.761 
2.814 2.752 
2.807 2.744 
2.799 2.736 

1 

Temperature.dependent equations 

p = a + bT 

a 

3.7808 
3.782 
3.740 
3.708 
3.707 
3.679 
3.696 
3.750 
3.707 

39.8 

2.780 
2.772 
2.763 
2.754 
2.745 
2.'\37 
2.728 
2.719 
2.710 
2.702 
2.693 
2.684 
2.675 

2.752 
2.743 
2.733 
2.724 
2.714 
2.705 
2.695 
2.686 
2.677 
2.667 
2.658 
2.648 

2.747 
2.737 
2.726 
2.716 
2.706 
2.696 
2.686 
2.676 
2.666 
2.655 
2.645 
2.635 
2.625 
2.615 
2.605 . 

b'104 

-10.474 
-10.15 
- 9.41 
- 8.75 

8.30 
- 7.S2 
- 6.84 
- 6.3B 

5.S0 

2.817 
2.807 
2.796 
2.786 
2.775 
2.765 
2.754 
2.744 
2.733 
2.723 
2.712 
2.702 
2.692 
2.681 
2.671 
2.660 

These values are based on the work of Smirnov and Stepanov (modified maximum bubble pressure method) [177]. 

TABLE 30S. Viscosity studies: CsCl·LaCI. 

Investigations critically re·examined 

Ref. LaCl. Temp. range Comments Mol % (T) 

173 12.7-100 10S5-1~45 Cell material: Mo sphere, steel 
·suspension wire, melt contained 
in a Pt or Mo crucible; 
calihration: method tooted hy 

measurements on organic 
liquids and fused NaCI 

209 0-100 (g) 1120 
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TABLE 305. Viscosity studies: CsCI.Laeb-Continued 

Deviations from previous NSRDS recommendations: [1, p. 8] 

Ref. LaCI. Min. departure Max. departure 
Mol % 

173 100 -0.59% (1190 K) -3.40/Q (1240 K) 

Comment: Measurements in reference [173] were made after a 
quartz tube, containing the crucible and molten mixture, was evacu· 
ated and filled with pure helium. After temperature equilihration, 

the decrement of the amplitude and the period of oscillation of the 
Mo sphere in the melt were measured. Viscosity data was fitted to 
equations of the type, log '1 = A + BIT. 



T 100.0 89.7 

930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
10;lO 

1060 
1070 
1080 
J090 
1100 
mo 
H2O 
1130 
1140 5.13 
1150 6.35 4.87 
1160 6.00 4.63 
1170 5.68 4.41 
1180 5.38 4.20 
1190 5.11 4.00 
1200 4.85 3.82 
1210 4.61 3.65 
1220 4.38 
1230 4.17 
1240 3.97 

Mol % LaCI. . 

0 
12.7 
26.5 
39.8 
52.3 
65.0 
78.0 
89.7 

100.0 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 306. CsCI-LaC!.: Viscosi,,>,' (cp) 

78.0 

5.53 
5.27 
5.03 

4.80 
4.58 
4.38 
4.19 
4.01 
3.84 
3.69 
3.54 
3.40 
3.26 
3.14 
3.02 
2.91 

Mol % LaCl •. 

65.0 52.3 

4_54 
4_33 3.43 
4.14 3.29 
3.97 3.16 

3.80 3.04 
3.64 2.92 
3.49 2.81 
3.35 2.71 
3.22 2.61 
3.10 2.51 
2.98 2.43 
2.87 2.34 
2.76 2.26 

Temperature-dependent equations 
'11 = A· exp (EfRT) 

39.8 

2.73 
2.64 
2.54 
2.46 
2.37 
2.29 
2.22 
2.15 
2.08 
2.02 
1.95 
.1.90 ' 

A·I02 E 
(cal mol-I) 

3.448 6774 
2.944 5646 
5.943 7522 
5.585 8194 
4.018 9452 
3.436 10285 
2.951 11127 
1.403 13369 
0.984 14783 

1003 

26.5 12.7 0 

1.35 
1.30 
U5 
1;20 
1.16 
1.12 
1.00 

1.04 
1.01 
0.98 
0,91-

0.43 
2.04 0.42 
1.98 0.41 
1.92 0.40 
1.86 0.39 
1.80 0.38 
1.75 0.37 
1.69 0.36 
1.64 0.36 
1.60 0.35 
1.55 0.34 

I 

Standard deviation 

0.008 
0.02 
0.01 
0.01 
0.02 
0.02 
0.01 
0.03 
0.02 

These values are based on the work of Sffilmov and Khokhlov (oscllIating sphere method) [173]. 

Rd. 

177 

TABLE 307. Surface tension studies: CsCl.LaCI. 

Investigations critically re-examined 

LaC]. 
Mol % 

12.7-100 

TeMp. rang~ 
(T) 

1010-1233 

Comment: Smirnov and Stepanov [177] reported a standard 
deviation of :;!:Q.l dynes cm -1 for their surface tension results. 
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1004 

T 

920 
930 
940 
950 
960 
970 
980 
99U 

1000 
1010 
1020 
1050 
1040 
1050 
1060 
1070 
1080 
1090 
noo 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 

100 94.9 

109.42 
108.86 
108.30 

117.76 107.75 
116.44 107.19 
115.12 106.64 
113.80 106.08 
112.48 105.52 
111.16 104.97 
109.84 104.41 
108.52 
107.20 
105.88 

Mol % LaCI. 

o 
12.7 
26.5 
39.8 
52.3 
65.0 

. 78.0 
89.7 
94.9 

lOt} 

JANZ ET AL. 

TABLE 308. CsCI·LaC!.: Surface tension (dyn cm-1) 

89.7 

101.60 
101.00 
100.39 
99,78 
99.17 
98.57 
97.96 

Mol % LaCI. 

78.0 65.0 52.3 

87.39 
86.72 82.92 
86.06 82.20 
85.40 llU.8 
84.73 80.76 

91.08 84.07 80.04-
90.45 83.40 79.32 
89.83 82.74 78.60 
89.20 82.08 77.88 
88.58 81.41 77.16 
87.95 
87.33 
86.70 
86.08 
85.45 

Temperature-dependent equations 
'Y = a + bT 

a 

163.46 
161.4 
16D.4 
159.1 
161.4 
159.1 
161.7 
170.8 
172.8 
272.2 

39.8 

~, 

82.57 
81.85 
81.12 
80.40 
79.68 
7RQfi 

78.24 
77.51 
76.79 
76.07 
75.35 
74.63 
73.90 

26.5 

82.49 
81.75 
81.01 

80.26 
79.52 
78.78 
7R.M 
77.30 
76.55 
75.81 
75.07 
74.33 

These values are based on the work of Smirnov and Stepanov (maximum bubble pressure method) [177]. 
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12.7 

83.78 
03.02 
82.26 
81.50 
80.73 
79.97 

79.21 
78.45 
77.69 
76.<11\ 
76.17 
75.41 
74-.65 
73.89 
73.12 

b'102 

- 7.841 
- 7.61 
- 7.42 
- 7.22 
- 7.20 
- 6.64 
- 6.25 

6.07 
5.56 

-1:.1.2 

0 

9U2 
90.54 
89.75 
88.97 
88.l9 
87.40 
86.62 
85.85 
85.05 
84.27 
83.48 
02.70 
81.91 
81.13 
80.35 
79.56 



PROPERTIES OF CHLORIDES AND MIXTURES 1005 

{lOO -

200-

o 
csel 

I, 

esel-liel 

20 

CsCI-LiCI 

I I 

I I 

40 60 

Mol % Liel 

I 

I 

80 100 
LiCI 

CURE 43. Temperature·composition phase diagram for CsCI·LiCl. 

E. Korreng, Z. Anorg. Chern., 91, 194 (1915). 

T. W. Richards and W. B. Meldrum, J. Am. Chern. 
Soc., 39, 1816 (1947). 

E. P. Dergunov, Zhur. Fiz. Khim., 25, 584 (1951). 

Melt Preparation and Purification 

Zuca and 01teanu [11] used Merck p.a. reagents recrys· 
tallized and pre·dried for 24, hours at 150 °e. The halides 
were purified by the method of Gruen and McBeth 
(J.lnorg. Chem., 9, 290, 1959). The individual salts were 
heated clo"c to the melting point, firost in vacuum and, 

then in an argon atmosphere. The temperature was then 
increased beyond the melting point and dry HCl' gas was 
bubbled through the melt. The salts were tested for neu
trality with phenolphthalein, both before and after each 
experiment. 

Smirnov et a!. [75, 104] purified their LiCl according 
to the method recommended by Laitinen (J. Electrochem. 
Soc., 104, 516, 1957). This' initially involved drying the 
LiCl under vacuum at 0.1 to 0.2 mm Hg for 6 hours. The 
salt was then ground to a fine powder in a clean closed 
jar; after which it was fused under an atmosphere of dry 
He} gas followed by a ;;;tream of pure, dry argon. 

Smirnov and Khokhlov [82] used "pure" and "chern
ir.Hlly pnTp." r:~r:l anrl Liel, rp.~f'I"ctivp.ly, The saIls were 

twice recrystallized from douhly distilled water, dried at 
low pressure, and remelted in an argo~ atmosphere. 

Salts used in reference [252] were "chemically pure" 
grade. Lithium chloride was purified by the method of 
Laitinen (see above) and cesium chloride was recrystal. 
lized several times. 

TABLE' 309. Electrica1 conductance studies: CsCI·LiCl 

Investigations critically re·examined 

Ref. UCI Temp. range Comments Mol % (T) 

n' 50 918-1121 Cell material: alundum 
gJass capillary cell; Pt elec-
trodes; freq. range: 1(){)0-70(){) 
Hz; calibration: l.OM and 
O.IM KC! solutions 

104 0-100 608-1073 Cell material: alundum 
crucible in sealed quartz tube; 
Mo wire electrodes; freq. 
range: 10,000 Hz; calibration: 
molten LiCI and KCI 

Deviations from previous NSRDS recommendations: [1, pp. 4, 6] 

Uel Ref. Mol % Min. departure Max. departure 

104 100 -0.06'}'o (1030 K) -0.18% ( 930 K) 
104 0 -0.26'}'o (940K) -5.7'}'o (1060 K) 

'Zuca and Olteanu [11) report a preCISIon of ±0.10/0 in their 
resistance measurements. Zuca reported a 20% difference between 
her results and those of Smirlllw et al. [104,] for the equimolar 
mixture. 

TASLE 310. CsCI·LiCl: conductance (ohm- l em-I) 

T 100 

610 
630 
650 
670 
690 
710 
730 
750 
770 

790 
810 
830 
850 
870 
890 5.735 
910 5.845 
930 5.953 
950 6.056 
970 6.156 
990 6:252 

1010 6.345 
1030 6.434 
1050 6.519 
1070 6.601 

Mol % LiCl 

0 
20 
30 
46 
58 
80 

100 

!'i10\ percent Lie! 

80 58 46 30 

0.784 
0.859 
0.934 0.448 
1.009 0.544 
1.084 0.639 
1.159 0.730 
1.234 0.820 
1.309 0.909 0.721 
1.:~!l4 O.'.IYO U.7!lS 

1.459 1.081 0.847 
1.534 1.164 0.910 

2.764 1.609 1.245 0.972· 
2.864 1.684 1.325 1.033 
2.965 1.759 1.402 1.094 
3.066 1.834 1.478' 1.154 
3.167 1.909 1.552 1.214 
3.267 1.984 1.624 1.273 
3.368 2.059 1.695 1..'332 
3.469 2.134 1.763 1:390 
3.570 2.209 1.830 1.448 
3.670 2.285 1.895 1.506 

2.360 1.958 1.562 
2.435 2.020 1.619 
2.510 2.079 1.674 

T~mraer.nture~depend.ent equations 

K:::::a+ bT + CT2 

a b 0103 

-L029 2.333 
-1.117 2.494 
-2.022 4.133 
-3.654 7.785 
-1,505 3.752 
-1.418 5.038 
-2.885 13.738 

20 0 

0.953 
1.003 
1.053 
1.103 
1.153 
1.202 1.141 
1.252 1.187 
1.302 1.234 
1.352 1.281 
1.402 1.327 
1.452 1.374 
1.502 1.421 
1.552 1.467 

C o lOG 

0 
0 

-0.634 
-2.268 

0 
0 

-4.554 

These values are based on the work of Smirnov et aI. (classical 
ae technique) [1041. 
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1006 

T 100 

880 1.504 
890 1.500 
900 1.495 
910 1.491 
920 1.486 
930 1.482 
940 1.477 
950 1.473 
960 1.469 
970 1.464-
980 1.460 
990 1.455 

1000 . 1.451 
1010 1.446 
1020 1.442 
1030 1.437 
1040 1.433 
1050 1.428 
1060 1.424 
1070 1.419 

98.27 

1.546 
1.542 
1.537 
1.532 
1.528 
1.523 
1.518 
1.514 
1.509 
1.504 
1.5UU 

1.495 
1.490 
1.486 
1.481 
1.476 
1.472 
1.467 
1.462 
1.458 

Mol % LiCI 

o 
10 
25 

40 
47 
55 
70 
82.67 
98.27 

100 

JANZ ET AL. 

TABLE Density studies: CsCI.LiCI 

Investigations critically re.examined 

Ref. LiCl Temp. range Comments Mol 0/0 (T) 

U' 50 913-1123 Cell material: Pt ball; 
calibration: water 

75" 0-100 843-1083 Cell material: Pt ball; 
calibration: molten KNO. and 
KCI 

328 0-80 (g) 1073 

Deviations from previous NSRDS recommendations: [1, pp. 4,6) 

Ref. LiCI Min. departure Max. departure 
Mol '10 

75 100 0.00/0 (940K) -0.080/0 (1040 K) 
75 0 1.01 % (940 K) 1.170/0 (1060 K) 

·Zuca and Olteanu [11] report a precision of 0.1 % in their density 
measurements, while Smirnov et a1. [75) state an experimental error 
of 0.0005 g em-a. In both studies measurements were carried out in 
an atmosphere of dry argon to avoid hydrolysis of LiCI. 

82.67 

1.864 
1.858 
1.852 
1.845 
1.839 
1.833 
1.B27 
1.820 
I.B14 
1.808 
LIlOI 
1.795 
1.789 
1.783 
1.776 
1.770 
1.764 
1.757 
1.751 
1.745 

TABLE 312. CsCI·LiCI: Density (g em-a) 

Mol perccnt Ue) 

70 55 47 

2.104 2.333 2.427 
2.097 2.324 2.417 
2.090 2.315 2.408 
2.082 2.307 2.399 
2.075 2.298 2.390 
2.068 2.289 2.380 
2.060 2.281 2.371 
2.053 2.272 2.362 
2.046 2.263 2.353 
2.039 2.255 2.343 
2.031 2.246 2.334 
2.024 2.237 . 2.325 
2.017 2.229 2.316 
2.009 2.220 2.306 
2.002 2.111 2.297 
1.995 2.202 2.2BB 
1.987 2.194 2.278 
1.980 2.185 2.269 
1.973 2.176 2.260 
1.965 2.168 2.251 

Temperature·dependent equations 
p=a+ bT 

a 

3.7808 
3.6970 
3.5147 
3.3352 
3.2408 
3.0975 
2.7470 
2.4174 
1.9574 
1.8965 

40 

2.506 
2.496 
2.487 
2.477 
2.468 
2.458 
2.449 
2.440 
2.430 I 2.421 

I 2.4U 
2.402 
2.393 
2.383 
2.374 
2.364-
2.355 
2.345 
2.336 
2.327 

These values are based on the work of Smirnov et al. (Archimedean method) [75). 
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25 10 0 

2.656 2.775 
2.647 2.765 
2.637 2.754 
2.627 2.744 
2.617 2.733 2.817 
2.608 2.723 2.807 
2.598 2.712 2.796 
2.588 2.702 2.786 
2.578 2.692 2.775 
2.569 2.681 2.765 
2.559 2.671 2.754 
2.549 2.660 2.7:44 
2.539 2.650 2.733 
2.530 2.639 Z.723 
2.520 2.629 2.712 
2.510 2.618 2.702 
2.500 2.608 2.692 
2.491 2.597 2.681 
2.481 2.587 2.671 
2.471 2.576 2.660 

-1.0474 
-1.0474 
-0.9754 

-0.9427 
-0.9253 
-0.8690 
-0.7304 
-0.6285 
-0.4672 
-0.4458 



T lOO 70 

830 
840 1.66 
850 1.60 
860 1.53 
870 1.48 
880 1.42 
890 1.37 
900 1.33 
910 1.28 
920 1.24 
930 ·1.40 1.20 
940 1.35 1.16 
950 1.30 l.l3 
960 1.25 1.09 
970 1.21 1.06 
980 1.17 1.03 
990 1.13 1.00 

1000 1.10 0.97 
1010 1.06 0.94 
1020 1.03 0.92 
1030 1.00 0.89. 
1040 0.97 0.87 
1050 0.94 0.85 
1060 0.92 
1070 

Mol % LiCl 

0 
10 
20 
25 
30 
40 
55 
70 

100 I 
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TABLE 313. Viscosity studies: CsCl·LiCl 

Investigations critically re·examined 

Ref. 
Li(.1 Temp. range Comments Mol %. (T) 

82 0-100 830-1070 Cell material: Pt ball; 
calibration: method tested by 
measurements on molten CsCI 
and LiCI 

Deviations from previous NSRDS recomme~dations: [1, pp. 4, 6] 

Ref. 

82 
82 

Lie] Min. departure Max. departure 
Mol <fo 

100 -4.7% (940 K) 
0 O.O<fo (940 K) -3.0% (1020 K} 

.L- __ ......... --_ .. _----- "-"-

TABLE 314. CsCl·LiCI: Viscosity (cp) 

55 

1.83 
1.75 
1.67 
1.60 
1.54 
1.48 
1.42 
1.37 
1.32 
1.27 
1.22 
1.18 
1.14 
1.10 
1.07 
1.03 
1.00 
0.97 
0.94 
0.91 
0.89 
0.86 
0.84 

40 30 

1.70 
1.63· 
1.57 
1.50 
1.45 

1.39 1.39 
1.33 1.34 
1.28 1.29 
1.23 1.25 
1.19 1.20 
1.15 1.16 
1.11 1.12 
1;07 L09 
1.03 1.05 
1.00 1.02 
0.96 0.99 

0.96 
0.93 
0.90 
0.88 

Temperature·dependent equations 
'1 = A • exp (E/RT) 

- -

25 

2.03 
1.93 
1.85 
1.77 
1.69 
1.62 
1.55 
1.49 
1.43 
1.38 
1;33 
1.28 
1.23 
1.19 
1.15 
1.11 
1.07 
1.04 
1.01 
0.98 
0.95 
0.92 
0.89 
0.86 

A·l02 . E (cal mol-') 

3.4478 6750 
5.9260 5880 
4.9971 6080 
4.0057 6470 
4.1733 6410 
3.4348 6760 
4.2181 b<:YO 
5.8263 5590. 
4.4257 6380 

- .-

1007 

20 10 0 

1.56 
. 1.50 

1.44 1.53 
1.39 1.48 
1.34 1.43 1.33 
1.30 1.38 1.28. 
1.25 1.34 1.23 
1.21 1.29 1.19 
1.17 1.25 1.14 
1.13 1.21 1.10 
1.1.0 1.18 1.07 
1.07 1.14 1.03 
1.03 1.11 1.00 
1.00 1.08 0.96 
0.97 1.05 0.93 
0.95 1.02 
0.92 0.99 
0.90 0.97 

0.94 

Mean quadratic scatter 

0.008 
0.015 
0.010 
0.006 
0.010 
0.008 
0.004 
0.014 
0.018 

These values are based on the work of Smunoy and Khokhloy (oscillating sphere method) [82]. 

J. Phy •. Chern. Ref. Data, Vol. 4, No.4, 1975 



1008 JANZ ET AL. 

TABLE 315. Surface tension studies: CsCI·LiCI 

Investigations cri tically re·examined 

Ref. LiCI Temp. range Com'ments 
Mol % (T) 

252 0-100 873-1073 Cell material: ceramic 
capillary; calibration: 
measurements on pure salts 

Deviations from previous NSRDS recommendations: [2, pp. 57,58] 

Ref. 
UCI Min. departure Max. departure 

Mol % 

252 100 6.8% (1073 K) 8.7% (893K) 

252 0 -1.1% (933 K) 0.240/0 (l013 K) 

T 100 98.27 82.67 70 55 40 25 10 0 

880 141.87 127.55 105.46 100.04 97.50 95.20 94.54 93.81 

890 141.04 126.75 104.66 99.28 96.73 94.44 93.77 93.09 

900 140.21 125.95 103.86 98.53 95.96 93.68 93.01 92.36 
910 139.39 125.15 103.0S 97.77 9S,11l 9?,9? ' Q2.24 91,63 

920 138.56 124.35 102.25 97.01 94.41 92.16 91.48 90.90 91.32 

930 137.73 123.55 101.45 96.26 93.64 91.40 90.71 90.18 90.54 

940 136.90 122.75 100.65 95.50 92.87 90.64 89.94 89.45 89.76 

950 136.07 121.95 99.84 94.74 92.09 89.87 89.18 88.72 88.97 

960 135.24 121.14 99.04 93.99 91.32 89.11 88.41 88.00 88.19 

970 134.41 120.34 98.24 93.23 90.55 88.35 87.65 87.27 87.40 

980 133.58 119.54 97.44 92.47 89.78 87.59 86.88 86.54- 86.62 

990 132.75 118.74 '96.63 91.72 89.00 86.83 86.12 85.82 85.83 
1000 131.92 117.94 95.83 90.96 88.23 86.07 85.35 85.09 85.05 
1010 131.09 117.14 95.03 90.20 87.46 85.31 84.58 84.36 84.27 
1020 130.26 116.34 94.23 89.45 86.69 84.55 83.82 83.64 83.48 
1030 129.43 115.54 93.42 88.69 85.91 83.79 83.05 82.91 82.70 
1040 128.60 114.74 92.62 87.93 85.14 83.03 82.29 82.18 81.91 
1050 127.77 113.94 91.82 87.18 84.37 82.27 81.52 81.46 81.13 
1060 126.94 113.13 91.01 86.42 83.59 81.51 80.76 80.73 80.35 
1070 126.11 112.33 90.21 85.66 82.82 80.74 79.99 80.00 79.56 

Temperature·dependent equations 

'Y=a+ bT 

Mol % LiCI a b. 102 

0 163.46 -7.841 
10 157.77 -7.268 
25 161.91 -7.656 
40 162.15 -7.608 
55 lb5.5U -'I.'I'J,l 

70 166.62 -7.566 
82.67 176.10 -8.027 
98.27 198.04 -8.010 

100 214.86 -8.294 

These values are based on the work of Smirnov and Stepanov (maximum bubble pressure method) [252]. 
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a 
CsCI 

20 

CsCI-MgCh 

40 60 

Mol % MgCI2 

100 
MgCI2. 

FIGURE 44. Temperature-composition phase diagram for CsCI-MgCI,. 

B. E. Markov and I. D. Panchenko. Zhur. Obshei. Khim., 
25, 2042 (1955). 

Melt Preparation and Purification 

Grjotheim et aL [130,133] dehydrated p.a. grade CsCI 
(Hopkins and Williams Ltd., Eng;) by heating the salt to 
400 °C in an atmosphere of dry HCI gas. The preparation 
of pure MgCb is described under the system CaCI2-MgCI2• 

TABLE 317. 

Tnvf'!stigRtl0n.;;. critir.f.ll1y rp.~p.Y.Rmined 

Ref. MgCI. .Temp. range Comments Mol % (T) 

130, 133a 0,30.7, 33.3, 943-1099 Cell material: Pt-lO%Rh 
34.5,100 sinker and Pt-l0%Rh 

su~pension wire; calibra-
tion: water 

Deviations from previous NSRDS recommendations' [1 p 61 , 

Ref. MgCl, Min. departure Max. departure Mol % 

130 100 0.30% (1017 K) 0.50% (1099 K) 
133 J.()\) ().!)()o/c (IOn K) 
130 0 0.00/0 (l018K) 0.22% (943K) 
133 0 -0.08% (1073 K) 

aGrjotheim et aI. [130, 133J used an apparatus similar to the 
one described by Janz and Lorenz (Rev. Sci. Instr., 31, 18, 1%0) in 
which a pin of known dimensions was fixed to the lower end of an 
Archimedean density hob, thus permitting simultaneous measure
ments of both_ surface tension and density. Corrections were applied 
for the efIcct of :,ul!acc tCl1bivn and IV1- cApa.u.~iuu uI Ll.t~ 8UI::I}JtiJU,jUll 

wire. Density measurements were reproducible to within ±0.3% and 
total corrections on the observed densities were between 0.3 to 0.4%. 

TABLE 318. CsCl-MgCl,: Density (g cm-S) 

Mol percent MgQ, 

T 100.0 34.5 33.3 30.7 0.0 

950 
960 
970 
980 
99\) 

1000 
1010 
1020 1.674 
1030 1.671 
1040 1.668 
10:;0 1.CiCi6 
1()6() l.66;>' 
1070 1.660 
1080 1.658 
1090 1.655 

2.308 
2.300 
2.293 

2.246 2.270 2.286 
2.2',)9 2.262 2.278 
2.232 2.255 2.271 
2.225 2.247 2.264 
2.217 2.239 2.256 
2.210 2.231 2.249 
2.203 2.224 2.242 
2.196 2.216 2.23!j 

2.11'.1'. 2.2~1'. '2..2'2.1 
2.181 2.200 2.220 

2.192 

Temperature·dependent equations 
p=a+ bT 

2.762 
2.751 
2.740 

-2.728 
. 2.711 

2.706 
2.695 
2.683 
2.672 

. 2.661 
2.6:;0 
'2..o',)~ 

2.627 

Sta~d. 
Mol 910 MgCl. a b • 10~ error 

of est. 

0.0 J 3.829 -11.234 0.03% 
30.7 3.001 -7.300 0.00% 
33.3 3.032 -7.777 0.07% 
34.5 2.954 -7.220 0.04% 

100.0 1.950 -2.705 0.03% 

These values are based on the work of Grjotheim, et a1. (Archi
medean method) [130,133].' 

TABLE 319. Surface tension studies: CsCl·MgC1. 

Investigations critically re-examined 

I{ef. Mile]" Temp. range - Comments Mol % (T) 

253,258' 0,30.7,33.3 942-1169 Cell material: density 
sinker and rod for 
surface tension measure-
ments was made from 
Pt-lO%Rh alloy; cali-
bration: measurements 
on pure {taIte. 

Deviations from previous NSRDS recommendations: [2 pp. 58, 59] , 

Ref. MgCI. Min. departure Max. departure Mol 0/0 

253 100 -5.9% (l073K) -6.7% (1002 K) 
253 0 -0.01 % (1023 K) 0.9% (942K) 

'Grjotheim, et al. [253, 253] reported a reproducibility of ±l% 
for surface tension measurements. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975. 
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TABLE 320. CsCI·MgC].: Surface tension (dyn cm-1 ) CsCI.MnCh 

Mol percent MgCI, 7 0 0 ,....--r-"T"".....,r---r--~....,..-.,........,-..,......., 
T 

950-
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 

1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 

Mol % MgC]' 

0.0 
30.7 
33.3 

100.0 

100.0 33.3 3D.7 

74.5 
73.9 
73.4 

71.3 72.8 
70.8 72.3 
70.4 71.8 

62.2 70.0 71.2 
62.2 69.5 70.7 
62.2 69.1 70.2 
62.1 68.6 69.6 
62.1 68.2 69.1 
62.1 67.S 60.6 

62.1 67.3 68.0 
62.0 66.9 
62.0 
62.0 
61.9 
61.9 
61.9 
61.9 
61.8 
61.8 

Temperature,dependent equations 
'Y = a; -'- bT 

J a b·l02 

162.0726 --'.b919 
125.1754 -5,3395 
114,4065 -4.4016 

65.3426 -0.3073 

0.0 

89.0 
88.2 
87.5 
86.7 
85.9 
85.2 
84,4 
65.6 
82,8 
82.1 
81.3 
OO.{j 

79.8 

Stand. 
error 
of est. 

0,06% 
0.19% 
0.18% 
0,09% 

These values are hased on the work of Grjotheim (pin detach. 
ment method) [253, 258], 

J. Phys; Chem. Ref. Data, Vol. 4, No.4, 1975 
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FIGURE 45. Temperature-composition diagram for CsCI·MnC],. 

Ref. 

202 

B. F. Markov and R. V. Chernov, Ukr. Khim. Zh., 24, 
139 (l958). 

TABLE 321. Density studies: CsCI·MnCl. 

Investigations critically re·examined 

MnC}, Temp, range Comments 
Mol 0/0 (T) 

0-100 813-1023 Cell material: quartz hall 
containing tungsten for weight; 
calibration: water and CCI, 

Dev;alioJl$ [wm pl"vh}U~ NSRDS recommendations: [1, pp. 6, 9] 

Ref. 
MnC]' Min. departure Max. departure 
Mol % 

202 100 0.040/0 (960 K) -0.43% (1020 K) 

202 0 0.07% (940 K) 0,15% (l000 K) 



T 

820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 

100 90 

2.442 
2.431) 

2.430 
2.350 2.424 
2.344 2.418 
2.338 2.413 
2.331 2.407 
2.325 
2.319 
2.313 
2.307 
2.301 

Mol % MnCl, 

o 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

PROPERTIES OF CHLORIDES AND MIXTURES 

80 

2.464 
2.451) 

2.448 
2.441 
2.433 
2.425 
2.417 

TABLE 322. CsCl·MnC!.: Density (g cm-S) 

Mol % MnCl. -
70 60 50 

2.4-92 2.4-94-
2.484 2.486 
2.476 2.478 2.4B9 
2.468 2.470 2.4BO 
2.4/\0 2.41)2 2.472 

2.452 2.454 2.464 
2.444 2.446 2.455 
2.435 2.437 2.447 
2.427 2.429 2.438 

I 
2.419 2.421 2.430 

Temperature·dependent equations 
f'=n+hT 

a 

3.731 
3.576 
3.473 
3.271 
3.202 
3.240 
3.212 
3.204 
3.167 
2.969 
2.928 

40 

2.522 
2.514 
2.506 
2.499 
2.4Q1 

2.483 
2.476 
2.468 
2.460 
2.452 

30 

2.587 
2.580 
2.572 

2.564 
2.556 
2.548 
?.!i40 

2.532 
2.524 
2.516 
2.508 
2.500 

20 

2.714 
2.704 
2.695 
2.686 
2.677 
2.667 
2.659 
2.649 
2.640 
2.630 
2.621 

2.612 
. 2.603 

2.593 
2.584 
2.575 

b. 104 

-10.23 
-9.49 
-9.26 
-7.95 
-7.73 
...,.8.35 
-8;15 
-8.09 
-7.73 
-5.80 
-6.15 

1011 

10 0 

2.78(1 
2.684 2.770 
2.674 2.760 
2.665 2.749 
2.655 2.739 
2.646 2.729 
2.636 2.719 
2.627 

These values are based on the work of Markov et al. (Arehimedean method) [202J. 
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Q) 500 
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490 

o 
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f3 
a 

20 

450 

40 60 

Mol % NoCI 
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FIGURE 46. Temperature.composition phase diagram for CsCl·NaCl. 

R. G.' Samuseva and V. E. Plyvshchev. Zh. Neorgan. 
Khim., 6 [9J, 2139 (1961); Russ. J. Inorg. Chern. (Eng. 
lish Transl.l, 1093 (961). 

Melt Preparation and. Purification 

The preparation of the pure halides by Zuca and 
Olteanu (98] is discussed under the CsCl·LiCl system. 
Dry argon gas was bubbled through the molten miXtures 
to eliminate small traces of HeI. 

J. Phys. Chem. Ref. Data, Vol:4, No.4, 1975 
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TABLE 323. Electrical conductance studies: CsCI·NaCI TABLE 325. Density studies: CsCI·NaCI 

Investigations critically re·examined Investigations critically re·examined 

Ref. 

98 

NaC) Temp. range Comments Mol % (T) 

0,25,50 
75,100 

933-1178 Cell material: quartz or silica 
glass capillary cell; Pt 
electrodes; freq. range: 1000-
7000 Hz; calibration: l.OM 
and O.IM KCI solutions 

218 eutectic (g) 1054-1384 
----~---------------------

Deviations from previous NSRDS recommendations: [1, pp. 4, 6] 

Ref. NaC! Min. departure Max. departure Mol 0/0 

93 100 -U.11'1o (lU!lUK) -1.4U')'0 Ul7U K.) 
98 0 0.680/0 {940K) -8.100/0 (l090 K) 

Comment: Zuca an.d OIteanu [98] report, in addition to experi. 
mental specific conductivities, Arrehenius equations (equivalent 
conductance as a function of temperature) with standard deviations 
for EA, the activation energy, in the range: 4 X 10-3 Kcal mol- 1 

(50 mol % NaC], EA = 3.65) to 15 X 10-3 Kcal mo)-l (l00 mol 0/0 
NaCI, EA = 2.53). 

TABLE 324. CsCI·NaCl: 

T 100 

950 
960 
970 
980 
990 

1000 
1010 
10?0 
1030 
1040 
1050 
1060 
1070 
1080 
1090 3.626 
HOO 3.652 
llIO 3.677 
H2O 3.702 
1130 3.726 
1140 3.749 
1150 3.773 
1160 3.795 
1170 3.817 

Mol % NaCI 

0 
25 
50 
75 

100 

Mol % NaCI 

75 50 ?5 

2.195 1.777 1.537 
2.220 1.799 1.556 
2.244 1.821 1.575 
2.268 1.843 1.594 
2.290 1.864 1.613 
2.312 l.885 1.632 
2.334 1.905 1.651 
2.534 1.926 1.670 
2.374 1.945 1.689 
2.392 1.965 1.708 

1.984 1.727 

Temperature.dependent equations 

lC::::a+bT+cT2 

a b'103 c'106 

-1.9170 4.3411 -1.1192 
-0.4547 1.8967 0 
-2.3101 5.5562 -1.5843 
-4.9137 10.9827 -4.0123 
-2.4204 8.4918 -2.7014 

0 

1.197 
1.219 
1.241 
1.262 
1.284 
1.305 
1.326 
1.846 
1.367 
1.387 
1.407 
1.427 
1.447 
1.466 
1.485 

Stand. 
error 
of a.t. 

0.02% 
0.10% 
0.060/0 
0.10% 
0.010/0 

These values are based on the work of Olteanu and Zuca (classi. 
cal ac technique) [981. 
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Ref. NaCI Temp. range Comments Mol 0/0 (T) . 

98 0,25,50 933--1178 Cell material: Pt ball; 
75,100 1073 calibration: water 

328 40-60 (g) 

Deviations from previous NSRDS recommendations: [1, pp. 4, 61 

Ref. NaC! Min. departure Max. departure Mol % 

98 100 -0.06% (1090 K) -0.130/0 (1170 K) 
98 0 0.30% (1040 K) 0.36% (960K) 

Comment: Densitv results in reference [981 were reported as 
linear equations with standard deviations in the range: 2 X 10-' 
g cm-s (100 mol % NaC!) to 10.0 X 10-4 g cm- a (50 mol % 
NaC]). 

TABLE 326. CsCI·NaCI: Density (g em-B) 

T 100 

940 
950 
9(}() 

970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
10M 
1090 1.546 
1100 1.540 
1110 1.535 
1120 1.529 
1130 1.524 
1140 1.518 
1150 1.513 
1160 1.508 
1170 1.502 

Mol % NaCI 

0 
25 
50 
75 

100 

Mol % NaO 

75 50 25 

2.:aO 
2.269 2.500 
2.260 2.490 

1.968 2.250 2.480 
1.961 2.241 2.471 
1.953 2.231 2.461 
1.945 2.222 2.451 
1.938 2.213 2.441 
1.930 2.203 2.431 
1.922 2.194 2.421 
1.915 2.184 2.411 
1.907 2.175 2.402 
1.900 2.11;5 ?:l9?. 
1.892 2.156 2.382 
1.884 2.147 2.372 

Temperature·dependent equations 
p=a+bT 

a b • loa 
3.7987 -1.0849 
3.4953 -0.9853 
3.2194 -0.9410 
2.7526 -0.7616 
2.1390 -0.5444 

0 

2.779 
2.768 
2.757 
2.746 
2.736 
2.725 
2.714 

2.703 
2.692 
2.681 
2.670 
2.660 
2.649 
2.638 
2.627 

2.616 

Stand. 
dev. 

0.0008 
0.0009 
0.0010 
0.0009 
0.0002 

These values are based on the work of Oltean" anti Z"r.a (ATChi. 
medean method) [98]. 
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TABLE 327. Surface tension Ftudies: CsCl·NaC! CsCI-PbCh 

Rei-

243 

Investigations critically re·examined 

),101 % 
NaCl 

0, 25, 50, 75, 100 

Temp. range 
(T) 

.-873-1173 

Deviations from previous NSRDS recommendations: [2, pp. 57, 58l 

Ret Nael :Min. dcpartur e Max. departure 
Mol 0/0 

243 100 3.40/0 (1083 K) 3.5% (1183 K) 
243 0 0.46% (973 K) 0.0% (101.3 K) 

Comment: Reierence [243] contained only graphical data in the 
form of surface tension-composition isotherms at 888°C for the 
mixtures reported. Numerical data given here was obtained through 
a private communication. Bertozzi reported a reproducibility for his 
data of ±{).5%. 

TABLE 328. CsCI·NaCI: Surface tension (dyn cm-1 ) 

T 100 

820 
840 
860 
880 
900 
920 
940 
960 
980 

1000 
1020 
10<l.O 
1060 
WHU 
1100 115.9 
1120 114,4 
1140 113.0 

Mol % NaCl 

o 
25 
50 
75 

100 

Mol % NaCl 

75 I 50 25 

101.8 
100.4 

103.7 98.9 
102.3 97.4 
100.9 9S.9 
99.5 94.4 

, 

98.1 93.0 

I 96.7 91.5 
95.3 90.0 

102.0 93.9 88.5 
100.7 92.5 87.0 

99.3 91.1 85.6 
97.S 89.7 84.1 
96.3 88.3 82.6 
94.8 86.9 81.1 
93.3 

I 
85.5 79.6 

91.9 84.1 78.2 

Temperature·dependent equations 

-r=a+ bT 

a 

1!)9.~ 

162.5 
163.9 
176.2 
197.3 

b· 102 

-7.4 
-7.4 
-7.0 
-7.4 
-7.4 

0 

86.7 
85.2 
83.7 
82.3 
80.8 
79.3 
77.8 

These values are based on the work of Bertozzi (Wilhelmy slide 
plate method) [243j. 
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FIGURE 47. Tpmperature.composition phase rliagram for CsCI·PhCL. 

S. D. Cromakov, Zh. Fiz. Khim., 24, 641 (1950). 

Melt Preparation and Purification 

Koch.Light CsCI was used by -Bloom et al. [103] with· 
out further purification, and PhCh was prepared from HCl 
and A.R. grade Ph (N 0 3 ) 2 and recrystallized. Standard 
methods of analysis were used lor pure materials as well 
as mixtures. 

The preparation of pure salts by Dahl and Duke [258] 
i~ given under the system LiCl.PbCl". 

TABLE 329. Elect:ical conductance stuciie,: CsCl·PbCl. 

Im'estigations critically re·examined 

Ref. PbC!. II Temp. range 
Mol % (T) Comments 

49 26.4--100 t 727-1073 Cell material: silica; Pt 
electrodes; freq. range: 1000 
Hz; calibration: IN KCl 

I solutions 

142' 0-100 {g)l 993 

Deviations from previous NSRDS recommendations: [1, p. 13] 

Ref. PhC1. Min. d~parlure Max. departure Mul % 

49 1{)0 0.05% (930 K) 0.06% (830 K) 

'Data taken from [49]. 
Comment: Bloom and Macky-[49] claimed an overall accuracy in 

their conductance measurements of ±0.5%. 

J. Phys. Chem. Ref. Data, Val. 4, N.J. 4, 1975 
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TABLE 330. CsCl·PbCIo: Specific conductance (ohm- 1 em-I) 

Mol percent PbCI. 

T 100.0 82.8 61.5 44.3 33.4 

730 1.045 
740 1.084 
750 1.123 
760 1.161 
770 1.199 
780 1.237 0.440 
790 1.274 0.470 
llUU UI11 0.500 
810 1.348 0.529 
820 1.384 0.559 
830 1.737 1.421 0.589 
840 1.780 1.457 U.ol\1 

850 1.823 1.492 0.649 
860 1.865 1.528 0.679 
870 1.908 1.562 0.709 
880 1.950 1.597 1.255 0.883 0.739 
890 1.991 1.632 1.280 0.911 0.769 
900 2.033 1.666 1.305 0.938 0.798 
910 2.074 1.699 1.331 0.967 0.828 
920 2.115 1.733 1.3:;6 0.9% 0.858 
930 2.156 1.766 1.382 1.025 0.888 
940 2.196 1.799 1.407 1.055 0.918 
950 2.236 l.831 1.433 1.086 0.948 
9liO ??76 1.B63 1.459 1.116 0.972 
970 2.315 1.895 1.484 1.148 1.008 
980 2.354 1.927 1.510 !.l80 1.038 
990 2.393 1.958 1.536 1.212 1.068 

1000 2.432 1.989 1.562 L24!i 1.Og7 
1010 2.470 2.020 1.588 1.278 1.127 
1020 2.508 2.050 1.614 1.312 1.157 
1030 2.546 2.080 1.640 1.346 1.187 
1040 2.583 2.110 1.666 1.381 1.217 
1050 2.621 2.140 1.692 1.461 1.247 
1060 

! 2.658 2.169 1.719 1.452 1.277 
1070 2.694 2.198 1.745 1.488 1.307 

Temperature.dependent equationc 

K a + bT + CT2 

Mol % PbCl. a • lQl b'103 c'107 

26.4 -17.757 3.0330 - 1.8036 
33.4 -18.918 2.9893 0 
44.3 3.7353 -1.5622 24.333 
61.5 - 7.5039 2.0295 2.8284 
82.8 -26.223 6.1380 -15.264 

100.0 -28.404 6.6977 -14.256 

26.4 

0.480 
0.508 
0.535 
0.563 
0.590 
0.617 
U.045 

0.672 
0.699 
0.726 
0.754 
0.781 
0.808 
0.835 
0.862 

0.889 
0.916 
0.943 
0.970 

0.997 
1.023 
1.050 
1077 

1.104 
1.130 
1.157 
1.184 
1.210 
1.237 
1.263 

Stand. 
error 
of est. 

0.23% 
0.30% 
0.52% 
0.07% 
0.40% 
0.32% 

These values are based on the work of Bloom and Macky (classical 
ac technique) [49J. 
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TAj3LE 331. Density studies: CsCI·PbCb 

Investigations critically re·examined 

Ref. PbCI. Temp. range Cell material Calibration Mol 0/0 (T) i 
103 0-100 903-1113 I Sinker of 100/0 Rh·Pt Water 
142' 0-100 993 

Deviations from previous NSRDS recommendations: [l,.p. 13,6] 

Ref. PhCl, Min. departure Max. departure Mol 0/0 
lOS 100 -0,04% ( 920 K) -0.02% (960 K) 

103 0 -0.230/0 (1100 K) -0.44% (980 K) 

'Data from [103]. 
Comment: The experimental technique of Bloom ct al. [103] is 

discussed under the system CdCb·CsCL 

TABLE 332. CsCl.PhCI,: Density (g em-3 ) 

T 100.0 

910 

920 4.730 
930 4.715 
940 4.701 
950 4.686 
960 4.671 
970 4.656 
980 4.642 
990 4.627 

1000 4.612 
1010 4.597 
1020 4.582 
1030 4.568 
1040 4.553 
1050 4.538 
1060 4.523 
1070 
1080 
1090 
lIOO 
1110 

Mol % PbCI, 

0.0 
16.8 
25.9 
35.0 
54.8 
76.4 

100.0 

Mol percent PhC]' 

76.4 54.8 35.0 25.9 

4.16ri 

4.151 
4.137 
4.124 3.321 3.187 
4.110 3.619 3.309 3.175 
4.096 3.636 3.297 3.163 
4.082 3.623 3.285 3.151 
4.068 3.609 3.273 3.139 
4.0!i4 R,!'i{)(, .~ ?61 3.126 
4.041 3.583 3.249 3.114 
4.027 3.569 3.237 3.102 
4.013 3.556 3.224 3.090 
3.999 3.542 3.212 3.077 
3.985 3.529 3.200 3.065 
3.972 3.516 3.188 3.053 
3.958 3.502 3.176 3.041 
3.944 3.489 3.164 3.028 

I 

Temperature·dependent equations 
p:::: a + bT 

a b· 1Q3 

3.718 -1.024 
4.217 -1.230 
4.337 -1.223 
4.459 -1.210 
4.921 -1.338 
5.423 -1.382 
6.089 -1.477 

16.8 0.0 

3.703 
3.061 
3.019 

3.036 
3.024 
3.012 2.714 
2.999 2.704 
2.987 2.694 
2.975 2.684 
2.962 2.673 
2.950 2.663 

2.653 
2.643 
2.632 
2.622 
2.612 
2.602 
2.591 
2.581 

Stand. 
deviation 

0.001 
0.001 
0.001 
0.002 
0.001 
0.002 
0.002 

These values are based on the work of Bloom et al. (Archimedean 
method) [103J. 
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SurfacetensJon,studiles: CSCI·PbCl. CsCI-RbCI 

Ref. PbCl. Comments 
Mol % 

238 25;89-100 734-903 Cell material: Pt·l0%Rh 
capillary, melt contained in Pt 
crucible; calibration: berizene 

254 25.89-100 734-903 Cell material and calibration: 
as f.or 238 

{:omment: Remarks concerning reference [238] are given under 
the system LiCl:PbCli. . 

.. TABLE 334. CsCl·PbCl.: Surface tension (dyn cm-1 ) 

T 100.00 

740 
750 
760 
770 

780 
790 
800 134.3 

.1110 133.0 
820 131.8 
830 130.5 
840 129.3 
850 
860 
870 
Sao 
890 
900 

Mol%PbCk 

25.89 
40.11· 
50.50 
63.03 
81.77 
81:90 

100.00 

Moi percent PbCl, 

81.90 81.77 63.03 50.50 

119.5 .- ~ 

118.5 
117.5 
116.S 116.2 

115.5 115.3 
114.5 114.3 
113.5 113.3 
112.5 112.3 

111.5 111.3 
110.5 110.3 
109.6 109.3 
108.6 108.3 

- 107.3 98.4 
97.1 
95.8· 
94;6 

90.6 

Temperature-dependent equations 
'Y = d + bT 

a b ~ 1Q1 

166.8733 -0.8329 
173.7146 -0.9278 
540.5747 .-5.0000 
206.0883 -1.2528 
192.6446 -0.9922 
192.7038 -0.9900 
233.6772 -1.2428 

40.11 25.89 

101.9 
-IOU 
100.2 
99.1 
98.6 
97.7 

·96.9 
IM.l 
95.2 
94.4 

92.1 93.6 
91.1 92.7 
90.2 91.9 

!5tand. error 
of est 

0.440/0 
0.19% 
0.40% 
0.61% 
0.15% 
0.270/0 
0.49% 

These values are based on the work of Dahl and Duke (maximum 
.. bubble pressure method) [238]. 
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FIGURE 48. Temperature·composItion ph·ase ·diagram for Csa.RbCl. 

S. Zhemhuzhnui and F. Ramhacb,· Z.· Anorg. Chem.. 
65,417. (1910). 

Melt Preparation and Purification 

Salts used in reference [98] were Merck p.a. reagents 
and . were purified by the procedure described under the 
CsCI·LiCI system. 

TABLE 335. Electrical conductan~e studies: CsCl·RbCI 

Investigations critically re-examined 

Ref. RbCI Temp. range Comments Mol % (T) 

98 0,25,50, 933--1223 Cell material: quartz or silica 
75,100 glass capillary Cell; Pt eleC' 

trodes; freq. range: 1000-7000 
Hz; calibration: 1.0M and 
O.lM KCl solutions 

DeVIations from preVIOUS NSRDS recommendations [l p 6] 

Ref. RbCI Min. departure Max. departure Mol % 

98 100 0.12% (1010 K) -4.4% (1200 K) 
98 0 0.68% ( 940 K) -8.1'}'0 (1090 K) 

Comment: Zuca and Olteanu [98] report, in addition to experi. . 
mental specific conductivities, Arrehenius equations (equivalent. 
conductance as a function of temperature) with standard deviations 
for EA, the activation energy, in the range: 1 X 10-2 Kcal mol-i 

(0 mol % RbCI, EA=4.00 Kcal mol-1 ) to 5.5 X 10-2 Kcal mol-1 

(25 mol % RbCI, EX = 3.87 Kcal mol-1). . . 

J. Phys; Chem. Ref. Data, Vol. 4, No.4; 1975 



1016 JANZ ET AL. 

TABLE 336. CsCl·RbCI: conductance (ohm-1 cm-1) 

Mol percent RbCl 

T 100 75 50 25 0 

950 1.197 
960 1.219 
970 1.241 
980 1.262 
990 1.284 

1000 1.305 
1010 1.326 
1020 1.574 1.346 
1030 1.596 1.449 1.367 
1040 1.618 1.469 1.387 
1050 1.640 1.556 1.488 1.407 
1060 1.662 1.576 1.508 1.460 1.427 
1070 1.683 1.596 1.527 1.478 1.447 
1080 1.704 1.616 1.546 1.495 1.466 
1090 1.725 1.636 1.565 1.513 1.485 
1100 1.745 1.656 1.583 1.531 
1110 1.766 1.675 1.602 1.548 
1120 1.785 1.694 1.620 1.566 
1130 1.805 1.713 1.638 1.584 
1140 1.824 1.731 1.656 1.601 
1150 1.843 1.750 1.674 1.619 
1160 1.862 1.768 1.692 
1170 1.880 
HBU l.BW 
1190 1.916 

Temperature·dependent equations 
,,-a+ bT+cT2 -

Stand. 
Mol % RbCI a b • 103 c'106 error 

of est. 

0 -1.9170 4.3411 -1.1192 0.02% 
25 -0.4128 1.7667 0 0.12% 
50 -1.4354 3.6305 -0.8057 0.15% 
75 -1.9403 4.5965 -1.2069 0.07% 

100 -2.3072 5.3381 -1.5035 0.02% 

These values are based on the work of Zuca and Olteanu (classical 
ac technique) [98]. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

Ref. I 

98 I 

TABLE 337. Density studies: CsCl.RbCl 

Investigations critically re·examined 

RhCI 
Mol % 

0,25,50, 
75,100 

Temp. range 
(T) 

933-1233 

Comments 

Cell material: Pt ball; 
calibration: water 

Deviations from previous NSRDS recommendations: [1, p. 6] 

Ref. RbCl Min. departure Max. departure Mol % 

98 100 -0.02% (1080 K) 0.15% (ll!UU K) 

98 0 0.30% (1040 K) 0.36% ( 960 K) 

Comment: Density results in reference [98] were reported as 
linear temperature dependent eouations with standard deviations in 
the range: 7 X 10-4 g cm-3 (50 mol % RhCl) to 9 X 10-4 g cm-3 

(25 and 100 mol % RbCl). 
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TABLE 33B. CsCl·RbCl: cm-S) 

. Mol percent RhCl 

T 100 90 80 70 60 50 40 30 20 10 0 n.5 

940 2.780 
950 2.769 
960 2.711 2.750 2.704 
970 2.654 2.700 2.747 2.693· 
980 ·2.596 2.643 2.690 2.n6 2..6S?J 
990 2.538 2.586 2.633 2.679 2.725 2.672· 

1000 2.481 2.528 2.576 2.622 2.668 2.714 2.661 
1010 2.423 2.471 2.518 ·2.565 2.612 2.658 2.703 2.651· 
1020 2.218 2.366 2.414 2.461 , 2.50B 2.555 2.601 2.647 2.692 2.640 
1030 2.210 2.259 2.309 2.356 2;404 2.452 2.499. 2.545 . 2.591 2.636 2.681 2.629 
1040 2.201 ·2.250 2.299 2.347 2.395 2.442 2.499 2.535 2.5BO 2,625 2.670 .2.619· 

1050 2.193 2.242 2.290 2.338 2.385 2.432 2.479 2.524 2.570 2.615 2.659 2.608 
1060 2.184 2.233· 2.281 2.329 2.376 2.422 2.469 2.514 2.559 2.604 2.648 . 2.597 . 
1070 2.176 2.224 2.272 2.319 2.366 2.413 2.459 2.504 . ·2.549 2.593 2.637 2.581 
1080 2.167 221.0; ·??63 ?.!no 2.357 ?A.03 ?dA.() 9.494 ?SlR 9.:5B3 . 2.6% 9.576 
1090 2.159 ·2.206 2.254 2.301 2.347 2.393 ·2.439 2.484 2.528 2.572 2.615 2.565· 
1100 2.150 2.198· 2.245 2.292 2.338 ··2.383 2.429 2;473 2;517 2.561 2.555 
1110 I •. 2.141 2.189 2.236 2.282 2.328 2.374 2.419 2.463 2.507 2.550 2.544· 
1120 . 2.133 2.180 2.227 . 2.273 . 2.319 2.364 2.409 . 2.453 2.497 
1130 2.124 2.171 2.218 2.264 2.309 2.354 2.399 2.443 2.486 
1140 2.116 2.162 2.209 2.254 2.300 2.344 2.389 2.432 
1150 2.107 2.154 2.200 2.245 2.290 2.335 2.379 
1160 2.099 ·2.1.45. 2.191 
1170 2.090 2.136 
1180 2.082 2.12.8 
1190 2.073 2.119 

. 1200 2:064 
liWI 2.056 
1220 2.047 
1230 2.039 

Two·dImensional eQUation and statistical parameters· 
p - a + bT + cC +dC2 + eTC -

a. b .• 104 c'loa d'106 e'106 Max. percent Stand. error 
departure of est. 

0.07% 
3.09092 -8.55390 7.42126 -2.49024 -2.38944 (1163.2 K, 50 0.03% 

mol % esC!) 

-These values are hased on the work oeZuca and Olteanu (AcchImedean method) [98J. C _ mol % CsC]' 

'.I. Phy ••. Chern. ReF. Ooto, Vol. 4, No.4, 1975 
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T 

940 
950 
960 
970 
9BO 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
lOBO 
1090 
noo 
1110 
I120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 

339. CsCI-RhCl: 

Mol percent 

100 75 50 25 

2.619 
2.609 

2.482 2.599 
2.472 2.588 

2.218 2.462 2.578 
2.209 2.333 2.452 2.568 
2.201 2.324 2.442 2.557 
2.192 2.315 2.432 2.547 
2.184 2.305 2.422 2.537 
2.175 2.296 2.413 2.526 
2.167 2.287 2.403 2.516 
2.158 2.278 2.393 2.506 
2.150 2.269 2.3B3 2.495 
2.141 2.260 .2.373 2.485 
2.133 2.251 2.363 2.475 
2.124 2.242 2.353 2.464, 
2.116 2.232 2.343 2.454 
2.107 2.223 2.333 
2.099 2.323 
2.090 
2.082 
2.073 
2.065 
2.056 
2.048 
2.039 

Temperature·dependent equations 
p = a + bT 

Mol % RbCI a b'10a 

0 3.7987 -1.0B49 
25 3.6314 1.0327 
50 3.4729 -0.9910 
75 3.2733 -0.9131 

100 3.0863 -0.8514 

0 

2.779 
2.768 
2.757 
2.746 
2.736 
2.725 
2.714 
2.703 
2.692 
2.6B1 
2.670 
2.660 
2.64,9 
2.638 
2.627 
2.616 

Stand. 
dev. 

0.0008 
0.0009 
0.0007 
O.OOOB 
0.0009 

Th.,~., values are based on the work of Zuca and Olteanu (Archi. 
medean method) [98]. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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FIGURE 49. Temperature-composition phase diagram for CsCI-ScCI •. 

N. Ya. Feda·ou and E. S. Petiov, Izv. Sib. Old. Akad. 
Nauk. S.S.S.R. Ser. Khim Nauk, I, 57 (1967). 

Melt Preparation and Purification 

Details concerning the preparation of pure ScClg by 
Fedorov and Petrov [71] are discussed under the LiC}· 
ScClg system. No specific information was reported for 
cesium chloride. 

TABLE 340. Electrical conductance studies: CsCI·SeCl. 

Investigations critically re·examined 

Ref. ScCI. Temp. range Comments Mol % (T) 

71 O-Q1.7 (g) 893-1233 Cell material: sealed quartz 
vessels; Mo wire electrodes; 
calibration: IN KCI solution 

Comment: A brief discussion of the experimental procedure used 
by Federov and Petrov [71] is given under the LiCl·ScCl. system. 



PROPERTIES OF CHlORlDES AND MIXTURES 10)9 

'TABLE 341 'CsCI-ScCk· Specific conductance (ohm-1 em-I) 

Mol 0/0 893K' 913K 933 K 953K SeC!, 
973K 993K 1013 K 1033 K ' 1053K 

0 1.15 1.21 1.24 1.26 1.32 1.36 1.40 

10 0.95 0.97 1.02 1.05 

20 
30 
40 0.48 0.53 0.54 

50 0.38 0.42 0.46 0.48 0.50 0.52 0_54 

60 O.SI 0.34 0.37 0.39 0.42 0.44 0.46 0.47 0.50 

70 

Mol 0/0 1073 K 1093 K 1113K l1S3K 1153 K 1173 K 1193 K 121SK 1233K 
SeCr. 

0 L44 1.47 150 ' ].52 l.!ifi UiR 1.62 1.64 1.67 

10 1_10 1.13 1.16 1.18 1.21 1.25 1.28 1.32 1.34 

20 0.82 0.86 0.87 0.92 0.96 0.98 1.00 1.02 1.05 

30 0.64' 0.69 0.74 0.74 0.78 0.80 0.82 0.85 

40 0.56 0.59 0.62 0.64 0.66 0.68 0.70 0.72 0.74 

50 0.56 0.58 0.60 0.62 0.63 0.64, 0.66 0.68 0.68 

60 0.52 0.54, 0.56 0.58 0.60 0.62 0.63 0.65 0.65 

70 0.47 0.50 0.52 0.54 0.55 0.57 0.60 

'Interpolated value. These values have heen Interpolated to a maximum of three slgmficlIIlt figures from the graphical presentation of 
Federov and Petrov (ciassical ac technique) [71]. 
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FICURE 50. Temp~rature-composition phase diagram for CsCl-SrCl:. 

R. p~' Dergurov lind A. C. Bergman," DoW. Ak .. d_ Nauk. 
S.S.S.R., 75, [6], 817 (1950). 

Melt Preparation and Purification 

In their surface tension studies, Bertozzi and Soldani 
[244] used carefully dried Merck and B,.D. H. salts of 
analytical purity without further purification. 

Ref. 

244" 

, TABLE 342. Surface tension studies: CsCI·SrCk 

Investigations critically re-ex!lIIlined 

SrCI. 
Mol 0/0 

0-100 (g) 

Temp. range 
(T) 

1123 

'Surface tension results in reference [244] were reported to be 
reproducible to 0,5%. ' 

TABLE 343 CsCI-SrCI.- Surface tension (dyn cm-1 ) 

Mol % SrCI.' 1123 K Mol % SrCb 1123K 

0 75 60 102 
10 79 70 110 
20 84 80 "123 
30 88 90 141 
40 93 100 172 
50 97 

Th"se values have heen interpolated 10 three a;gnificant figure. from the graphical prc$cotation of Bertow and Sold ani (Wilhelmy ~lide 
, plate method) [244J. 

J. Phys. Chem. Ref. Data, Vot 4, No.4, 1975 
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FIGllR!: 51. Temp~rature-comp()sition phase diagram for CsCl-TiO,_ 

B_ j.'. Markov and K. V. Chernov, Ukrain. Khim. Zhur., 
25, 283 (1959). 

TAllLE 344. Electrical conductance studies: CsCl.TiCl. 

Investigations eri tically re-examined 

Ref. TiCI. Temp o l".l1nge Comments Mol % (T) 

59 0-53 (g) 1073 Cell material: quartz; 
Pt electrodes; freq. range: 
1400 Hz 

TABLE 345. CsCI-TiCI.: Specific conductance (ohm- 1 em-I) 

Mol % TiCI. 

o 
10 
20 
30 
40 
50 

1073 K 

1.45 
1.09 
0.92 
0.82 
0.70 
0.68 

These values have been interpolated to three significant figures 
from the graphical presentation of Delimarskii and Chernov 
(classical ac technique) [59]. 

J. Phys. Chern. Ref. Dater, Vol. 4, No.4, 1975 
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FIGURE 52. Temperature-composition phase diagram for CsCl-UCI.. 

C. J. Barton. A. B. Wilkelson. and W. R. Grimes, Oak
ridge National Laboratory, Phase Diagrams of Nuclear 
Reactor 1\1dtcrial.e, R. F. T. ThuHH1 t:tl., OnNL-2:J48~ 

p. 137 (1959). 

Melt Preparation and Purification 

Bogacz and Ziolek [158] dehydrated CsCI (obtained 
from Soyuzkhimexport) by melting the salt in a quartz 
tuhe under a constant How of dry HCl for a 30 mlnute 

period. The melt was allowed to solidify on a quartz 
evaporating dish under a strong stream of HC!. The puri
fied salt was then crushed and stored in a desiccator over 
P~05 or in sealed ampoules. Uranium (IV) chloride was 
prepared from uranyl oxalate by hydrogen reduction at 
400°C to uranium dioxide followed by chlorination at 
110 °C with eCI. vapora in <l ~tream of pm ifieJ Hill u",ell. 

The composition of the product varied from UC13.9 to 
UCI4.o, . The purified salt was kept in sealed ampoules 
filled with dry argon. 

TABLE 346. Electrical conductance studies: CsCl·UO. 

Investigations critically re-examined 

Ref. UCI. Temp. range Comments Mol % (T) 

158 0-100 660-1001 Cell material: quartz tube; 
Pt electrodes; freq. range: 
5,000-10,000 Hz, measurements 
at 10,000 Hz; calibration: KCl 
solutions and fused KNO., 
NaNO. "nd KCl 

Deviations from previous NSRDS recommendations: [1, pp. 6, 9] 

Ref. UCl, Min. departure Max. departure Mol % 
158 100 1.2% (870 K) -4.4% (890 K) 
158 0 -1.3% (940 K) -3.1% (990 K) 

Comment: Bogacz and Ziolek [158] report their conductance 
results in the form of equations of the type K = a + be + ct2 with 
standard deviations in the range 0.0 X 10-4 ohm-1 cm-1 (31.13 
mol % UCI.) to 7.0 X 10-4 ohm-1 cm-1 (64.08 mol % UCI.). 
The overall error in the conductivity measurements did not exceed 
0.5%. 
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670 
680 
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700 
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830 
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79.29 . ·77.20 69.17 ·6S.52 M.08 
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0.184 0.179 
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0.223 0.21& 
0.235 0.227 
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0.265 0.260 0.25L 
0.277 0.272 0.262 
0.290 0.283 0.273 
.0.302 0.295 0.285 
0.313 0.306 0.295 
0.325 0.317 0;305 

0.354 0.336 0.327 0.317 
0.368 0.347 0.338 0.323 
0.381 0.357 0.348 0.333 
0.393 0.368 0.358 0.343 
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D.41O 0.417 0.388 0.377 0.368 
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0.432 0.439 0.407 0 .• W6 0.383 
0.443 0.449 0.416 0.404 0.397 
0.454 0.459 0.425 D.413 0.407 
D.464 0.469 0.434 0.421 0.416 
0.473 0.478 0.442 0.429 0.425 

0.450 0.437 0.436 
0.443 

TABLE 347. CsCI.UCI,: Specific conductance (ohm-1 cm-1) 

Moi percent UCI, 

62.44 58.86 56.25 . ~9.04 43.B9 38.86 33.65 33.04 31.13 

0.148 
0.160 
0.172 

. 0.184 
.0.196 
0.207 

. 0.219 
0.230 
0.241 
0.~52 0.229 
0.263 0.240 
0.274 0.250 
0.285 0.279 0.261 
0.295 0.290 0.271 

.0.305 ·0.300 0.281 
0.316 0.310 0.291 0.293 

0.326 0.320 0.301 0.303 

0.336 0.335 .0.330 0.311 0.3,3 

0.346 0.345 0.339 0.321 0.322 

0.355 0.354 0.349 0.331 0.332 

0.365 0.363 0.358 0.340 0.3U 

0.374 0.372 0.367 0.349 0.351 0.364 

0.384 0.381 0.376 0.359 0.360 0.374 

0.393 0.390 0.385 0.368 0.369 0.384 

0.402 0.399 0.394 0.377 0.378 0;394 

0.411 0.407. 0.403 0.386 0.387 0.403 

0.420 0.416 0,411 0.395 0.396 0.413 

0.428 0.424 0.419 0.404 0.405 0·422 0.469 

0.437 0.432 0.412 0.414 0.431 ',; 0.479· 

0.439 0.421 M22 ·0.440 0.473 0.473 0.489 
0.449 0.482 0.486 

0,492 0.497 
. 0.501 0.506 

3M3 27.00 24.06 21.211 19A5 

0.418 
D.40B 0.434 
0.423 0.449 

0.416 0.437 0.464 
0.430 0.45l 0.479 

·0.444 0.465 0.494 

0.457 0.47~ 0.509 
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0.466 0.497 0.51!) 0.552 
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0.471 0.501 0.535 0.557 0.594 

0.482 0.512 0.547 0.57) 0.608 

0.?92 0.524 0.559 
0.502 0.535 0.571 
0.511 

13.83 7.35 3.26 
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I 
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Mol % UCI. 

0.00 
1.02 
3.26 
7.35 

]3.83 
19.45 
21.28 
24.06 
27.00 
30.43 
31.13 
33,04 
33.65 
38.86 
43.89 
49.04 
56.25 
58.86 
62.44 
64.08 
65.52 
69.17 
77.20 
79.29 
83.35 
92.58 

100.00 
-

TABLE3~7. CsCI·UeI.: Specific conductance (ohm- ' en-l)-Continued 

a 

2.9957 
13.7417 

-3.8451 
-0.7589 
-1.4400 
-1.4068 
-1.4799 
-1.3083 
-1.2033 
-2.7700 
-0.9636 

-10.8375 
-2.1522 
-1.0835 
-0.7890 
-0.9181 
-0.9869 
-1.0665 
-0.9636 
-1.0450 
-1.3451 
-1.4164 
-2.1097 
-1.9297 
-2.5714 
-2.5156 
-2.2782 

Temperature·dependent equations 
t<=a+ bT+cf2 

b'103 

-6.3226 
-29.8048 

8.2454 
1.5389 
2.9736 
2.9349 
3.1354 
2.7199 
2.5200 
5.8537 
2.0305 

22.1369 
4.4807 
2.2748 
1.6591 
1.9459 
2.1639 

2365.8989 
2.1025 
2.2606 
3.0240 
3.1693 
4.6609 
4.2145 
5.6454 
5.3743 
4.6911 

C. 101 

46.395 
. 174.198 
-32.482 

2.342 
-7.178 
-8.422 

-10.159 
-7.937 
-7.392 

. -25.474 
-5.384 

-107.871 
-18.193 
-7.161 
-4.138 
-5.744 
-7.104 
-8.304 
-6.614 
-7.312 

-12.003 
-12.591 
-20.194 
-17.533 
-25.388 
-22.980 
-18.260 

These values are based on the work of Bogacz and Ziolek (classical ae technique) {IS8]. 

Stand. deviation 

0.0005 
0.0003 
0.0003 
0.0002 
0.0001 
0.0001 
0.0002 
0.0001 
0.0002 
0.0002 
0.0000 
0.0003 
0.0001 
0.0001 
0.0001 
0.0001 
0.0002 
0.0003 
0.0003 
0.0007 
0.0001 
0.0005 
0.0002 
0.0002 
0.0004 
0.0002 
0.0002 

-s .., 

.... » z 
N 

m 
-f 

» 
:' 



T 100.00 92.58 83.35 

680 
690 
700 
710 
720 

730 
740 
750 
'i'60 
770 
780 
790 

. 800 
810 
820 
830 
Il40 

850 
860. 3.423 
870 3.558 3.410 
AAO il.539 it397 
890 3.519 3.385 
900 3.500 3.372 3254 
910 3.480 3.359 3.241 
920 3.461 3.346. 3.227 

.930 3.4iU 3.333 3.214 
940 3.422 3.320 3.201 
950 3.307 3.187 
960 
970 

PROPERTIES OF CHLORIDES AND MIXTURES 

. TABLE 348. Density studies: CsCl·UCl. 

T. critically .: .. ~ 
Ref. UCI. Temp.· range Cell material Mol 0/0 (T) 

158 0-100 660-1004 Pt ball and suspension wire 
inside quartz tube 

Deviations from previous NSRDS recommendallons: [I, p. 6} 

Ref. UeL. Min. departure Max. departure 
Mol % 

158 0 0.54% (950 K) 0.59% (9BO K) 

Comment: Density data in reference [158] were reported. In the 
form of linear· temperature dependent equations with standard 
.:J".ialiul1~ ill IL" Hlllll"; 0.0 X 10-' g cm-' (33:04 and 35.u5 IIIul % 
UCI.). to 15;0 X 10-4 g cm-3 (64.08 mol %UCI.). The total error 

. .in densitY measurements did not exceed 0.2%. 

TABLE· 349. CsCI.UCI.:.Density. (g cm-S) 

Mol percent UCI. 

.79.29 77.20 69.19 65.52 64.08 62.44 58.86 

3.574 
3:558 

3.570 3.542 
3.554 3.526 
3.538 3.463 3.510 
3.522 3.449 3.494 
3.505 3.435 3.478 
3.489 . 3.421 3.462 
3.473 3.407 3.446 
3.457 3.392 3.430 
3.441 3.378 3.414 
3.425 3.364 3.398 
3.409 3.350 3.382 
3.393 ·3.336 3.366 
3.377 3;322 3.350 
3.361 3.308 3.335 
3.345 3.294 3.319 
3.328. 3.279 3.303 

·3.385 3.312 3.265 3.287 
3.371 3.296 3.251 3.271 
3.359 3.329 3.202 3.290 3.237 3..25::; 3.230 
3.344 3.315 3.288 3.264 3.223 3.239 3.216 
3.330 3.301 3.273 3.248 3.209 3.223 3.203 
3.316 3.287 3.258· 3.232 3.195 3.207 3.189 
3.303 3.273 3.243 3.216 3.IBO 3.191 3.175 
3.289 3.228 3.200 3;166 3.175 ·3.161 

3.213 3.184 3.152 3.159 3.148 
3.198 3.138 3.143 

1023 

56.25 49.04 43.89 38.86 

3.290 
3.278 
3.266 

3.343 3.254 
3.329 3.242 
3.316 3.230 
3.302 3.218 .3.173 
3.288 3.206 3.163 
5.275 3.194- 3.152 
3.261 3.183 3.141 
3.247 3.171 3.131 
3.234 3.159 3.120 
3.220 3.147 3.109 3.072 
3.206 3.135 3.099 3.062 
3.193 3.123 3.088 3.052 
3.179 3.l11 3.077 3.043 
3.166 3.099 3.066 3.033 
3.152 3.087 3.056 3.023 
3.138 3.075 3.045 ·3.014 

3.063 3.034 3.004 
3.051 3.024 2.994 

2.985 

J. Phys. Chem. Ref. Data, Vol. 4, No. 4,. 1975 
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TABLE 349. CsCI·llC],: Density (g cm~~)-Continued 

T 33.65 33.Q4 31.13 3Q.43 

800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 2.971 
920 2.969 
930 2.964 2.985 
940 2.959, 2.964 2.975 
950 2.954 2.956 2.966 
960 2.949 2.947 2.957 
970 2.944 2.941 2.948 
980 2.935 
990 

1000 

Mol % UCl. 

0.0 
1.02 
3.26 
7.35 

13.83 
19.45 
21.28 
24.06 
27.00 
3D.43 
31.13 
33.04 
33.65 
38.86 
43.89 
49.04 
56.25 
58.86 
62.44 
64.08 
65.52 
69.19 
77.20 
79.29 
83.35 
92.58 

100.00 

Mol percent UCI4 

27.90 24.06 21.28 . 19.45 

3.073 
3.062 

3.061 3.051 
3.050 3.040 

3.048 3.039 3.030 
3.039 3.028 3.019 
3.029 3.017 3.008 
3.019 3.007 2.997 

3.017 3.010 2.996 2.987 
3.010 3.000 2.985 2.976 
3.003 2.990 2.974 2.965 
2.996 2.9BO 2.963 2.961 
2.989 2.971 2.953 2.944 
2.982 2.961 2.942 2.933 
2.975 2.951 2.931 2.922 
2.968 2.942 2.920 

2.932 

Temperature·dependent equations 
p=a+ bT 

a b'104 

3.8047 -10.855 
3.6670 -9.308 
3.7852 -10.355 
3.8520 -10.701 
3.9309 -11.113 
3.9316 -10.378 
3.9463 -10.801 
3.8629 -9.697 
3.6417 -7.094 
3.8441 -9.241 
3.7666 -8.536 
3.5297 -6.065 
3.4249 -4.955 
3.9243 -9.688 
4.0492 -10.682 
4.1900 -11.1)17 
4.4225 -13.663 
4.4402 -13.752 
4.6601 -15.971 
4.4808 -14.134 
4.6966 -16.096 
4.6211 -14.976 
4.5521 -13.904 
4.5678 -13.751 
4.4601 -13.398 
4.5279 -12.847 
5.2508 -19.455 

These values are based on the work Cif Bogacz and Ziolek (Archjmedean method) [158J. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

13.83 

2.986 
2.975 
2.964 
2.953 
2.942 
2.931 
2.920 
2.909 
2.897 
2.886 
2.875 

7.35 3.26 1.02 0.00 

2.889 
2.878 ' 

2.868 2.833 
2.857 2.822 2.801 2.795 

2.812 2.792 2.784 
2.801 2.783 2.773 

2.773 '2.763 
2.764 2.752 
2.755 2.741 
2746 
2.736 

Stand. deviation 

0.0001 
0.0004 
0.0006 
0.0003 
0.0004 
0.0003 
0.0004 
0.0007 
0.0004 
0.0007 
0.0004 
0.0000 
0.0000 
0.0004 
0.0005 
0.0004 
0.0004 
0.0005 
0.0013 
0.0015 
0.0011 
0.0002 
0.0006 
0.0003 
0.0005 
0.0007 
0.0006 
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FICURE. 53 •. Tcmpcrnt,!rc-composition ph".c diagram for .CaCl-ZnCl::. 

B. R. Markov, I. D. Pan chonko, and T. G~. Mostenko, 
Ukrain. Khim. Zh.ur., .22,287-91(956). 

Melt Preparation and Purification 

Smith and Smith [91] used CsCI (99.9%) which was 
recrystallized from water, solvent extracted and vacuum 
dried. Further purification involved passing pure HCI gas 
through the melt' followed by nitrogen gas. Zinc chloride 
was prepared' from high' grade Zn metal and pure HCl 
and then disti1Ied. Weighings were.made in avacuum·tYpe 
dry hox under nitrogen atmosphere.. . 

Koch:Light CsCl used by Weeks [108] and Bloom and 
Weeks [197,198] was dried at 400°C for three hours . 

. ~Iay and Baker (R) ZnCb was heated under vacuum for 
several hours and then fused. Chlorine gas was passed 
through the melt for 15-30 minutes, after which it 'was 
transferred to a silica apparatus and distilled at 600°C. 
Solutions were analyzed for Zn2+ and Cl- ions using 
disoditim ethylenediaminetetracetic acid and silver nitrate 
(dichlorofiuorescein indicator), respectively. 

Markov and Bolkov [194] used ZnC12 which was 
twice recrystallized from water, dried, subjected to a flow 
of· HCI gas and finally distilled and sealed into ampoules. 
CsCl WAS 'reerystAllized and dried. 

TABLE 350. Electrical conductance studies: CsCI·ZnCl. 

Ref. 

108,197' 

Investigations critically re·examined 

ZnCI. T~mp. range 
Mol % (T) 

·5S,i-IOO 522-882 

Comments 

Cell ma terial: silica 
glass; Pt electrodes; 
£req. r4nse. 0.5 50,000 
Hz, measurements at 
5000 Hz; calibration: 0.1 
and 1.0 Demal KCl 

reports an accuracy in meas: 
urements of 0.5% and 0.3% for pure zinc chloride. and for mixtures, 
respectively. The cell c"oetant ohansed by 0.1 0.2% durins 0. run. 
Weeks [108] reported experimental specific conductivities and 
Bloom and Weeks [197] gave equivalent conductances in the fomi . 
of the Adam·Gibbs equation (A A ~xp (-BIT In (T ITo». 

J. Phys. Chem. Ref. DtltoI Vol.·4, No. 4, 1975 
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TABLE 351. CsCI-ZnCI.: Specific conductance (ohm- i cm- i ) 

Mol percent ZnCI. 

T 100.00 97.l7 93.84 84.90 79.70 67.94 58.08 

530 0.06754 
550 0.05364 0.08252 0.09248 
570 0.04580 0.07269 0.1083 0.1192 
590 0.008815 0.01962 0.06198 0.09427 0.1360 0.1475 
610 0.002514 0.01274 0.0279 0.08101 0.1182 0.1654 0.1773 
630 0.004740 0.01892 0.03861 0.1027 0.1444 0.1962 0.2082 
650 0.008460 0.02749 0.05181 0.1269 0.1726 0.2284 0.2403 
670 0.01399 0.038515 0.015752 0.1535 U.2U213 U.2617 0.2732 
690 0.02163 0.05225 0.8580 0.1823 0.2347 0.2961 0.3069 
710 0.03171 0.06869 0.1067 0.2131 0.2682 0.3312 0.3410 
730 0.04454 0.08798 0.1302 0.2458 0.3032 0.3669 0.3755 
750 0.06042 0.110S 0.1564 0.2801 0.3395 0.4031 0.4102 
770 0.07968 0.1356 0.1853 0.3160 0.3769 0.4396 0.4449 
790 0.1026 0.1642 0.2170 0.3533 0.4154 0.4761 0.4794 
810 0.1296 0.1961 0.2515 0.3918 0.4546 0.5126 0.5135 
830 0.1608 0.2315 0.2889 0.4313 0.4946 0.5488 0.5471 
850 0.1967 0.2705 0.3291 0.4718 0.5351 0.5846 0.5800 
870 0.3132 0.3723 0.5129 0.5759 0.6198 0.6120 

Temperature-dependent equations 
K = a + bT + cT" + dT" 

Stand. 
Mol % ZnCI. a'101 b'103 C. 106 d'109 error 

of est. 

58.08 0.7241 -4.5267 8.3585 ' -3.7187 0.25% 
67.94 7.7826 -4.8809 8.5913 -3.6672 0.150/0 
79.70 11.1048 -5.6959 8.6185 -3.1928 0.220/0 
84.90 14.7698 -6.8603 9.5679 -3.3976 3.36% 
93.84 6.1834 -2.2889 1.482t> U.B552 0.380/0 
97.17 3.4730 -0.4230 -1.7232 2.4876 1.13% 

100.00 -9.7574 5.5534 -10.4507 6.5176 1.30% 

These values are based on the work of Bloom and Weeks (classical ac technique) [108, 197]. 

TABLE 352. Density studies: CsCI-ZnCI. 

Inve.tis"tiono eriti""ll), re examined 

Ref. ZnCI. Temp. range Comments Mol % (T) 

91' HHOO 583-1068 Cell material: Pt bi·cone 
and Pt suspension wire 
(Archimedean method) , 
silica cell (float 
method) 

108,199' 58.1-100 530-850 Cell material: silica 
pycnometer; calibra-
tion: water 

194 0-100 695-975 Cell material: quartz 
sphere (weighted with 
W), Pt suspension wire; 
calibration: water 

DeVIations from previous NSRDS recommendations: [1, pp. 6,10] 

Ref. ZnCI. Min. departure Max. departure Mol % 

91 100 0.0% (630 K) 0.150/Q (BOO K) 
108, 199 100 -0.08% (683 K) 0.40% (600 K) 

194 100 -0.02% (733 K) -0.16% (696 K) 
194 0 -0.03% (939 K) -0.04% (975 K) 

'Due to the hygroscopic nature and volatility of ZnCk, Smith and 
Smith [91] used the floatation method for density measurements on 
pure ZI::::l. and also for the 97 mole % ZnCk mixture. Results from 
the buoyancy and float methods were in agreement to within 0.1 % 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

for pure ZnC], and 0.7% for the 97 mole % mixture. A correction 
was applied for the thermal expansion of the platinum sinker; how
ever no corrections were made for surface tension force since the 
authors concluded that errors due to salt condensation were smaller 
than the precision ot' the measurements. Linear temperature de. 
pendent equations were reported 'with standard deviations in the 
range 0.1 X 10-· g cm-' (99 mole % Zn Ck) to 7.8 X 10-3 g cm-s 

(95 mole % ZnCI.). 
bWeeks [108] and Bloom and Weeks [199] reported an overall 

accuracy in density measurements of 0.05% to 0.1'1"0. Calibration of 
the pycnometers after experiments showed reproducibility of 0.01%. 
Weeks [108] reported experimental density values while Bloom and 
Weeks [199] gave results in the form of linear temperature de
pendent equations with standard deviations in the range: 0.33 X 
10-3 g cm-3 (91.2 mole % ZnCI.) to 2.31 X 10-3 g cm-3 (71.4 
mole % ZnCk) • 
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TABLE 353. CsCl·ZnCl~: Density (gcm-a) 

Mol percent ZnCL, 

T 100.00 99.38 98.6: 95.13 91.22 85.20 71.40 61.20 58.10 

540 2.813 
560 2.730 2.794 
580 2.571 2.599 2;642 2.713 2.739 2.776 

\ 600 2.520 2.529 2.533 2.559 2.586 2.627 2.696 2.722 2.758 
620 2.509 ·2.518 2.522 2.547 2.573 2.613 2.679 2.704 2.739 
640 2.499 2.507 2.511 2.535 2.560 2.598 2.661 . 2.686 2.721 
660 2.488 2.497 2.500 2.524 2,547 2.584 2.644 2.668 2.703 
680 2.478 2.486 2.490 2.512 2.534 2.569 2.627 2.651 2.684 
700 2.467 2~475 2.479 2.500 .2.521 2.554 2.610 2.633 2.666 
720 2.456 2.464 2.468 2.488 2.509 2.540 2.593 2.615 2.647 
740 2.446 2.454 2.457 2.476 2.496 2.525 2.575 2.598 2.629 
700 2.435 2.443 2.446 2.464 2.483 2.511 2.558 2.580 2.611 
780 2.425 ·2.432 2.452 2.496 2.541 2.562 2.592 
800 2.414 2.440 2.482 2.524 2.544 2.574 

. 820 . 2~403 2.428 2.467 2.507 2.527 2.555 
840 2.416 2.453 2.490 2.509 2.537 
860 2.405 2.438 2.472 2.491 2.519 
880 2.455 

Temperature·dependent equations 
p=a+bT 

Mol % ZnCl, a b oW Stand. error of est. 

58.10 3.3095 -9.1970 0.030/0 
(i1.21l 3.2531 -8.8586 0.03'10 

71.40 3.21iI -8.5904 . 0.09% 
85.20 3.0642 -7.2818 0.050/0 

.91.22 2.9745 -6.4724 0.01% 
95.18 2.9160 -5.9476 ·0.04'7'0 
98.62 2.8575 -5.4123 0.06% 
99:38 2.8516 -5.3800 0.08% 

100.00· 2.8375 -5.2926 0.09% 

These values are based on the work of Bloom and Weeks (pycnometrlc method) [l08,199]. 

CuCI-KCI 

20 40 60 
-KCl 

Mol % CUel 

80 lOa 

CuCl 

FIGURE 54. Temperature·composition phase diagram for CuCl·KCl. 

Carlo Sandonnini, Gazz. Chim. ital., 441, 307 (1914). 

Melt Preparatio.n and Purification 

Sackur [18] used KCl which had been previously fused 
and pulverized. The CuCI Wd3 obtained by precipitation 
and then dried. . 

Kanazawa and Sakai [116] used purified material sup· 
plied by either Ishizu Chern. Co. (Japan) or Merck. The 
salts were dehydrated liy heating in vacuum. 

TABLE 354. Electrical conductance studies: CuCI.KCI 

Ref. KCl Temp. range Comments Mol % (T) 

116 0-79.4 698-903 Coil material '. quartz cell; Pt 
electrodes; freq. range: 1000 
Hz; calibration: IN KCl. 
solution 

Deviations from previous NSRDS recommendations: [I, p. 9] 

Ref. KC] Min. departure Max. departure Mol % 

116 0 -3.5% (903 K) -5.2% . (763 K) 

J. Phys. Chem. Ref. Dot .. , Vol. 4, No.4, 1976 
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7' 794 711 64.9 

700 1.95 
710 1.97 
720 l.98 
730 1.99 

740 2.01 
750 2.03 
760 2.04 
770 1.93 2.06 
780 1.96 2.08 
790 2.00 2.10 
800 2.03 2.12 
810 2.07 2.15 
820 2.11 2.17 
830 2.14 2.20 
840 2.18 2.22 
850 2.22 2.25 
860 [2.17] 2.25 2.28 
870 [2.21] 2.29 2.31 
880 [2.26} 2.32 2.34 
890 [2.30] 2.36 2.37 
900 [2.34] 2.4\) 2.41 

Mol % KCl a 

0.0 -0.7844 
17.1l 1.2251 
29.6 -1.0888 
40.8 -2.7408 
49.7 -5.7136 
59.5 6.2012 
64.9 3.8262 
71.1 -0.8606 
79.4 [-1.4746J 

JANZ ET Al. 

Mol percent KC\ 

59.5 4Q7 

2.10 2.03 
2.10 2.08 
2.10 2.12 
2.11 2.17 
2.12 2.21 
2.13 2.25 
2.14 2.29 
2.16 '7..33 

2.17 2.36 
2.19 2.40 
2.21 2.43 
2.23 2.46 
2.25 2.49 
2.28 2.51 
2.30 2.54 
2.33 2.56 
2.36 2.58 
2.39 2.60 
2.42 2.62 
2.46 2.64 
2.49 2.65 

Temperature·dependent equations 
K=a+bT+cT2 

b. 103 

8.5196 
'l..4lRS 
7.5901 

10.764 
17.258 

-11.971 
-6.5115 

3.6194 
[4.240J 

40.8 29.6 17.9 0 

2.35 2.64 2.91 3.26 
2.38 2.66 2.94 3.29 
2.42 2.70 2.96 3.32 
2.46 2.72 2.99 8.31 

2.49 2.75 3.01 3.37 
2.52 2.78 3.04 3.4\) 
2.56 2.81 3.06 3.42 
259 2.B3 30B 345 

2.62 2.86 3.11 3.48 
2.65 2.88 3.13 3.50 
2.68 2.91 3.16 3.52 
2.70 2.93 3.18 3.54 
2.73 2.95 3.20 3.56 
2.75 2.98 3.23 3.58 
2.78 3.00 3.25 3.60 
2.80 3.02 3.28 3.62 
2.82 3.04 3.30 3.64 
2.84 3.06 3.32 3.66 
2.86 3.08 3.35 3.68 
2.88 3.10 3.37 3.69 
2.90 3.12 3.40 3.71 

Stand. 
C'106 error 

of est. 

-3.9207 0.18% 
0 121l0/" 

-3.2428 0.35% 
-4.9926 0.52% 
-8.8502 3.140/0 

8.7241 1.02% 
5.4819 1.30% 
0 0.82% 
0 0.00% 

These values are based on the work of Kanazawa and Sakai (classical ac technique) [116J. 

Ref. 

18 

TABLE 356. Density studies: CuCI-KCI TABLE 357. CuCl·KCI: Density (g em-a) 

Investigations critically re·examined Mol percent KCI 

KCI Temp. range 
Mol % (T) 

91.1-97.5 1073 

Comments 

Cell material: Density bob of 
Pt·Au alloy; calibration: 
molten KCI 

T ~ 

1073.2 1.624 

These values are based on the .work of Sackur (Archimedean 
method) [18]. Due to limited data, the experimental results are 
given. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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DyCh-KCI. 

40 60 

Mol %KCI 

. 390 

80 ·100 
KCI 

FIGURE 55. Temperature·composition phase diagram lor DyCI.-KCl. 

B. G. KUlhhullVV, linJ D. V. Drobot, Ru':'. J .. Inol'g. 
Chern., 10, 508 (1965). 

Melt Prepuratlon und Purificclflon 

Dysprosium trichloride was prepared and analyzed as 
described under the system KCl·NdCb. 

TABLE 358. Electricalconducuince stu<lles: DyCl .. KCl 

Investigations critically. re·examined . 

Ref. KCI Temp. range Comments 
Mol % (T) 

190' 0-100 (g) 1073,1173 Cell material: quartz capillary 
cell; Pt electrodes; freq. 
range: 100,000-250,000 Hz; 
calibration: molten· CsCI~ KCl,. 
NaCl 

"Equivalent conducti .. ities were reported. 
Comment: Expertmental details are briefly u.1huu •• "d under the 

system KCI.NdCI •. 

TABLE 359. n~rL:rcrl Molar conductance (ohm-1 cm2 rnol-1) 

Mol % KCI lO73K Mol % KCl lonK 

0 45.6 50 56.0 
10 50.9 60 57.5 
20 53.6 70 62.0 
30 55.0· BO 71.0 
40 55,7 90" 86.6 

"Extrapolated· vruue. 
These values have been interpolated to three significant figures from the graphical presentation of Forthmann and &hneider (classical 

actechnique) [190}. 

J. Phys. Chem; Ref. Dala, VillI. 4, No.4, 1975 
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F1GURE 56. Temperature·composition phase diagram for DyCL·NaCI. 

B. G. Korshvnov and D. V. Droboy, Zh. Neorgan. Khim., 
10 [4], 939 (1965); Russ. J. Inorg. Chern. (English 
Trans!.), 509 (1%5). 

Melt Preparation and Purification 

Dysprosium trichloride was prepared and analyzed as 
described under the system KCl·NdCla. 

TABLE 360. Electrical conductance studies: DyCl,·NaCl 

Investigations critically re·examined 

Ref. Nael Temp. range Comments 
Mol % (T) 

190' 0-100 (g) 1073,1173 Cell material: quartz capillary 
cell; Pt electrodes; freq. 

range: 100,000-250,000 Hz; 
calibration: molten CsCl, KC!, 
NaCl 

'Equivalent conductivities were reported. 
Comment: Experimental details are briefly discussed under the 

system KC!·NdC!llo 

TABLE 361. DvCl •. NaCl: Molar conductance (ohm-I cm2 mol-I) 

Mol % NaCI 1073K Mol % NaCI I073K 

0 46.6 60 83.2 
10 51.6 70 90.3 
20 59.5 80 100. 
30 67.0 90' 115. 
40 72.4 100 135. 
50 77:4 

"Extrapolated value. 
These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical 

ac technique) [190J. 

J. Phys. Chem. Ref. Data, Vo/. 4, No.4, 1975 
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FICURE ,57. Temperature·composition phase diagram for ErCl.-KCI. 

B. ,G. Korshurov. D. V. Drobot, I. E. Galchenko and 
Z. N. Shevtsona, Russ. J. Inorg. Chem.,il, 223 (1966). 

,Melt Preparation and Purification 

Erbium trichloride was prepared and analyzed as 
describeJ-under the system KCI-NdCIs. 

TABLE 362. Electrical conductance studies: ErCl.·KCl 

Investigations critically re·e:x:amined 

Ref. KCI Temp. range Comments 
Molo/!> (T) 

190' o 100 (g) 1073 Cell materi .. l, quarlll capillary 

cell; Pt electrodes; freq. 
range 100,000-250,000 Hz; 
calibration: molten CsCl. KCl, 
Nae! 

"Equivalent conductance reported. 
Comment: E:x:perimental details are briefly discussed 'under' the 

system KCI-NdCI •. 

TABLE 363 ErCb-KCl' Molar conductance (ohm- t cm2 mort) 

Mol % KCl 1073K Mol '10 KCI I073K 

0 36.7 50 56.0 
10 43.3 60 58.9 
20 48.3 70 63.3 
30 51.3 80 72.5 
40 54.0 90 90.7 

These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider ~classical 
ac technique) [190]. ' , 

GaCh-HgCb 
300 

GaCI3-HgClz 

200 
liquid 

HgGozCIa 
100 77 72 

55 

o~~--~~~~~~~~--~~~~ 

o 20 40 eo 60 
'GaCI3 Mol % HgCI2 

FICURE 58. Temperature-composition phase ,diagram for GaCl~· 
HgCJ •. 

P. 1. Fedorov, V. V. Tsimbalist, and Liu Kuo-Yuan, Zh. 
Neorgan. Khim,; 9 [7]. 1681 (964). 

Me.!t Preparation and Purification 

The preparation of pure CaCI~ by Chretien" and 

Couturier [148] is discussed un,der the system GaCIa·KCI. 
No infoimati~n was given regarding the preparation 
of HgCI2• 

TABLE 364. Electrical conductance studies: GaCI3·HgCl. 

TABLE 365. GaCJ..HgC1: Specific conductance (ohm -l cm-1 ) 

Mol % HgCI. 

2.5 
5.0 
7.5 

10.0 
12.5 
15.0 

353K 

0.0020 
0.0040 
0.0064 
0.0088 
0.0090 
0.0091 

These values have heen interpolated to two significant figures 
from the graphical presentation of Chretien and Couturier' (classical 
ac technique) [148]. ' , 

J. Phys. j:hem. Ref. Data, Vol. 4, No. 4,1975 
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FIGURE 59. Temperature·composition phase diagram for GaC]'·KC1. 

P. 1. Fedorov and V. V. Tsimbalist, Zh. Neorgan. Khim., 
9 [7; 1676 (1964). 

Melt Preparation and Purification 

Chretien and Coutourier [148] prepared GaCl3 by direct 
synthesis from gallium metal and Cb gas. The distilled 
product (which contained some GaCbl was then fused 
under N~ or CO2 and gaseous Ch was bubbled through the 
melt. Pure GaCb was then obtained by distillation. The 
product was pure white GaCh of high purity. Analysis was 
by complexometric titration using EDTA {for Gal and 
potentiometric titration with AgNOg {for Cll. Care was 
taken to keep the apparatus, in which the measurements 
were made, dry. 

TABLE 366. Electrical conductance studies: GaCb·KCl 

Investigations critically re·examined 

Ref. KCI Temp. range Comments Mol % (T) 

80 -8--75 (g) 873-973 Cell material: cjuartz or Pyrex 
depending· on temperature 
range; calibration: molten 
KCl and O.IN and l.ON KCl 
solutions 

148" -5.2-23.0 353 Pt electrodes; freg. range: 
(g) 1000 Hz 

'Compositions reported in terms of moles of KCl per 1000 g of 
Gaels. 

Comment: Arbekov and Petrov [80] reported a 2% accuracy in 
their measurements and found differences of up to 5% in calibrating 
their cells depending upon the solution used. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

TABLE 367. GaCI.·KC1: Specific conductance (ohm- 1 cm-1 ) 

Mol 0/0 373K 473K 573K 673K 773 K 873K 973K 
GaCl. 

30 0.951 

40 0.804 0.944 

50 0.644 0.865 1.086 1.324 
60 0.340 0.531 0.718 0.925 
70 0.169 0.316 0.507 
80 0.047 0.133 0.246 
90 0.029 0.074 0.143 

These values have been interpolated to threo G;snincllnt figure. 

from the graphical presentation of Arbekov and Petrov (classical 
ac technique) [80]. 
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FIGURE 60. Temperature·composition phase diagram for GaCb·LiCI. 

P'. I. Fedorov and V. V. Tsimbalist, Zh. Neorgan. Khim., 
9 [7J, 1676 (1964); Russ. J. Inorg. Chern. (English 
Trans].), 909 (1964). 

TABLE 368. Electrical conductance studies: GaCI.·LiCl 

Investigations critically re·examined 

Ref. Liel Temp. rangt Comments Mol % (T) 

138,80 8--80 (g) 373-873 Cell material: Pyrex or 
quartz depending on tempera. 
ture range; calibration: 
molten KCl and O.IN and 
1.0N KCI solutions 

TABLE 369. GaCl,·LiCj: Specific conductance (ohm- 1 cm-1 ) 

Mol % Gael. 373K 473K 573K 673K 773K 873K 

30 1.19 
40 0.76 0.90 1.06 
!;O 0.2!l O.4!; 0./10 
60 0.18 0.31 
70 0.06 0.16 
SO 0.04 0.10 
90 0.02 0.06 

These values have been interpolated to two significant figures from 
the graphical presentation of Arbekov and Petrov (classical ac tech
nique) [138, 80]. 
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FIGURE 61. Temperature-composition, phase diagram for GaCh-NaCl. 

P. I. Fedorov and V, M. Yakunina, Zh. Neorgan. Khim., 
8 [9J, 2103 (1963). 

Melt Preparationancl Purification 

A brief outline of Chretien and Coutourier's [148] 
prcpa~ation of GaClB i5 to be. found under the sY5tem 
GaCla-KCl. 

lABLE 370. Electrical conductance studies: GaCla-NaCI 

Investigations critically re·examined 

Ref. LiCI Temp. range Comments 
Mol % (T) 

138 -8-80 (g) 37~1073 Cell material: quartz or 
Pyrex uel'euwul!, un L"Wl'''la. 

ture range; calibration: 
molten KCl and 'O.IN;md 
1.0N KCl solutions' 

148' -5.2-16.2 (g) 353 Pt electrodes; freq. range: 
1000 Hz 

'Compositions were reported in terms of moles of NaCl per 1000.g 
G .. Gl .. 

TABLE 371. GaCIa:NaCI; Specific conductance (ohm-1 cm-1) 

Mol % GaCb 373K 473K 573K 673K 773K 883K 993K 1073K 

20 1.56 ' 
30 1.30 
40 0;95' 1.10' 1.22 1.32' 
50 0.45 0.68 0.85 1.02 
60 0.30 0.45 
70 0.20 
80 0.07 0.15 
90 0.02 0.06 

These values have been interpolated to three significant figures from the graphical presentation of Arbekov and Petrov (classical.ac tech, 
nique) [138J.· . 

'Extrapolated value. 

GaCh~RbCI 

TABLE 372. Electrical conductance studies: GaCI.-RbCl 

Investigations critically re-examined 

Ref. RbCl Temp. range Comments 'Mol % (T) 

80' -2-90 (g) 373-973 Cell material: Pyrex or quartz 
depending on temperarure 
range; calibration: molten KG, 
and O~I and 1.0N KCl solutions 

'Arbekov and Petrov [80] reported a 2% accuracy in their meas· 
urements and found differences of up to 5% in calibrating their 
cells depending upon the solution used. 

TABLE 373~ GaCl. .. RbCl: Specific conductance (ohm-1 cm-1 ) 

RhCI 373K 473K 573K 673K 773K ·873K 973K Mol % 
10 1.04 
20 0.83 . 
30 0.72 
40 0.49 0.60 0.71 
50 0.51 0.67 0.85 1 .. 02 
60 OAll 0.61 0.7!i 
70 0.16 0.29 0.41 0.55 
80 0.03 0.11 0.22 
90 <0.02 0.06 

100 <0.01 <0.01 

These values have been interpolated to 'two significant figures from· 
the graphical' presentation of A~bekov and 'P~trov:(c1assicalac 
technique)[8()]. . . 

J. Phv •. Cham. Ref. Data, Vol. 4, No.4. 1975 
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ShC!,. 

A. Chrefien, J. C. Couturier, Rev Chim. Minerale, 2, 
487 (1965). 

Melt Preparation and Purificatio~ 

Chretien and Coutourier's [148] preparation of pure 
GaCls is discussed under the GaCI3·KCI system. No details 
were given for the preparation of SbCls. 

TABLE 374. Electrical conductance studies: GaCI.-ShCl:. 

Ref. 

148 

Investigations critically re-examined 

SbCIs 
Mol 0/0 

-10-95 (g) 

Temp. range 
(T) 

353,363, 373 

TABLE 375. GaCla-ShCb: Specific conductance (ohm- 1 cm-1 ) 

Mol % ShC1. 353K 363K 373K 

0 <0.0005 
10 0.006 
20 0.010 
30 0.017 
40 0.023 
50 0.029 
60 0.034 0.040 0.046 
70 0.036 0.042 0.047 
80 0.032 0.036 0.040 
90 0.017 0.020 0.022 

These values have heen interpolated to two significant figures 
from the graphical presentation of Chretien and Couturier (classical 
ac technique) [148J. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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FICURE 63_ Temperature-composition phase diagram for GdCl.-KCI. 

D. G. KU1.bullUll lillU D. V. D'VLul, I\u ••• J. Illu,"!!.. 
Chern., 10, 508 (1965). 

Melt Preparation and Purification 

Gadolinium trichloride was prepared and analyzed as 
described under the system KCI-NdCIa. 

TABLE 376. Electrical conductance studies: GdCIs-KCl 

Investigations critically re-examined 

Ref; KCI TellljJ.rallge Comments 
Mol '70 (T) 

190' 0-100 (g) 1073 Cell material: quartz capillary 
cell; Pt electrodes; freq. 
range: 100,000-250,000 Hz; 
calihration: molten esCl, KCI, 
NaCI 

'Eqrnvalent conductivities were reported. 
Comment: Experimental details are hriefly discussed under the 

system KCI-NdCr.. 
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TABLE 377. GdCln·KCl: Molar conductance (ohm-1 cm2 mol- 1 ) 

Mol % KCl 1073K Mol % KCI 1073 K 

0 56.4 60 61.2 
10 58.2 70 63.8 
20 59.8 80 72.6 
30 60.5 90 89.7" 
40 60.8 100 109.' 

50 60.8 

• Extrapolated value. 
These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical 

~c ledm;'o/uc) [190]. 

200~----~------~----~----~~----~ 

o 
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Mol 0/,., Nn C:I 

80 100 
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FIGURE 64. Temperature·composition phase diagram for GdCI.·NaCI. 

B. G. Korshunon and D. V. Drobot, Russ. J. Inorg. 
Chern., 10, 508 (1965). 

Melt Preparation and Purification 

Gadolinium trichloride was prepared and analyzed as 
described under the system KCl·NdCI3• 

TABLE 378. Electrical conductance studies: GdCI,·NaCl 

Investigations critically Ie·examined 

Ref. Nar.l Tp.mp. rangp. Comments Mol % (T) 

190' 0-100 (g) l()73 Cell material: quartz capillary 
cell; Pt electrodes; freq. 
range: 100,000-250,000 Hz; 
calibration: molten esCI. KCl. 
NaCI 

"Equivalent conductivities were reported. 
Comment: Experimental details are briefly discussed under the 

system KCl·NdCls. 

TABLE 379. GdCla·NaCl: Molar conductance (ohm-1 cm2 mol- 1 ) 

Mol % NaCI 1073 K Mol % NaCl 1073 K 

0 57.4 60 90.9 
10 64.7 70 94.6 
20 72.2 80 104. 
30 78.0 90 118. 
40 84.6 100 136.' 
50 87.4 

'Extrapolated value. 
These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical 

ac technique) [190J. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 . 
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HgC],. 

S. J. Yosim and S. W. Mayer, J. Phys. Chern., 64, 
707 (1960). 

Melt Preplntltion tlnd PurificCltion 

Grantham [121J purified reagent.grade HgCI~ by dis· 
tillation under a partial pressure of oxygen (oxidation 
of any Hg2Cbl. The HgCI2 was added to the cell in an 
inert.atmosphere dry box and sufficient triply distilled 
mercury was introduced to obtain the desired compositions. 

TABLE 380. Electrical conductance studies! Hg,C]'.HgC12 

Investigations critically re·examined 

Ref. HgCI, Temp. range Comments Mol % (T) 

121 0.0-94.7 540-1073 Cell material: quartz; W 

! 
electrodes; calibration: 
redistilled Hg and KCl 

i solutions 

Deviations from previous NSRDS recommendations: [1, p. III 

I HgCl, 
Ref. ,Mol '70 Min. departure Max. departure 

121 0 -5.8'70 (822 K) -8.2'70 (800 K) 

Comment: The data reported by Grantham [121] was the average 
of several experiments made in a quartz apparatus with various cell . 
constants. The values obtained agreed to within I roo The cell was 
constructed for the purpose of measuring electrical conductivities of 
molten salts to temperatures of 900 °C and vapor pressure of 118 
atmospheres. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

TABLE 381. I-l'rr_rLl-l'rrrt Specific conductance (ohm- 1 cm-1) 

T 94 . .7 

540 0.00038 
560 0.00050 
580 0.00061 
600 0.00072 
620 0.00083 
640 0.00093 
660 0.00103 
tiRO fl (}{lll.~ 

700 0.00122 
720 
740 
760 
780 
800 
820 
840 
860 
880 
900 
920 

-940 
960 
980 

1000 
1020 
1040 
1060 

'Mol % HgCl. 

0.0 
33.3 
57.2 
74.R 

88.9 
94.7 

Mol percent HgCI. 

88.9 74.8 57.2 33.3 

0.0052 
I 0.0063 

I 
0.0072 
o.nORfl 

I 
0.0088 0.095 
0.0094 0.106 
0.0100 0.116 
0.0105 0.125 0.397 
0.0109 0.132 0.425 0.716 
0.0112 0.137 0.451 0.779 
0.0114 0.142 0.475 0.836 
O.OllS 0.145 0.497 0.887 

0.147 0.517 0.932 
0.147 
0.146 
0.144 
0.141 

: 

, 
Temperature·dependent cQuations 

K;;:;; a + bT + cP 

a b'108 c· lOr. 

-0.9795 1.7470 0.7767 
-6.2331 14.5385 -7.2170 
-2.0389 4.9750 -2.3285 
-llt2Q~ ?Ql0Q -165Q/l 

-0.On9 0.1953 -0.1144 
-0.0038 0.0097 -0.0036 

0.0 

0.92 
0.98 
1.04 
1.10 
1.16 
1.22 
1.29 
1.35 
1.41 
1.48 
1.54 
1.61 
1.68 
1.75 

Stand. 
error 
of est. 

0.55'70 
1.79% 
0.38% 
097% 
2.44% 
2.26% 

These values are based on the work of Grantham (classical ac 
technique) [121]. 
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I;. Belyaev and K. E. Mlronov, Zhur. Ubshchei Khim .• 
22, 1488 (1952). 

TABLE 382. Electrical conductance studi~s: HgCbNH,Cl 

Ref. NH,Cl Temp. range Comments 
Mol 0/0 (T) 

15 --0-73 (g) 523,573 Cell material and calibration: 
as for 123 

123 0-70.6 498-573 Cell material: Pyrex; Pt 
electrodes; calibration: O.IN 
and O.OIN NaCI solutions 

1037 
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,.., 
" 

TAlJLE 383. 

--.~ ---~~ 

r 70.6 67.8 65.0 62.0 58.2 55.8 53.11 51.5 50.0 49.7 47.;{ 45.2 43.2 37.6 

500 0.642 0.691 0.720 0.717 0.726 0.719 0.608 0.476 0.630 0.615 0.630 
510 0.710 0.759 0.794 0.797 0.817 0.778 0.695 0.576 0.699 0.692 0.701 
520 0.773 0.820 0.862 0.870 0.899 0.837 0.777 0.672 0.765 0.766 0.768 
530 [0.897] [0.748] 0.831 0.873 0.923 0.9.16 0.972 0.896 0.853 0.764 0.829 0.839 0.830 
540 [0.92:3] [0.810] 0.883 0.920 0.978 0.995 1.0.16 0.955 0.923 0.852 0.890 0.910 0.888 
JjO [0.9331 [0.1l64] 0.931 0.959 1.027 l,lN·!! 11.Ub;:lj l.UYU l.U10 0.987 0.936 0.919 0.979 0.941 
560 [0.973] [0.911] 0.973 0.992 1.069 1.090 [1.089] 1.U6 1.072 1.0404- 1.017 1.005 1.046 0.990 
570 [1.003] [0.9409J 1.011 1.017 1.105 1.128 [1.126] 1.172 1.131 1.096 1.093 1.059 1.112 1.0M 

K=a+ +-
Mol 10 NH,Cl Ii· 10" 

5.1 [- 0.3705] [ 0.81.00] 
10.0 [- 2.6159] [ 1.3:3711 
15.9 [ 0.2772] [-3.7541] 
17.0 [- 1.7608] [ "·.5371] 
21.5 [- 1.7636J [ 5.2342] 
22.0 [- 0.3581] [ LOIlSIl] 
27.0 4,4557 15.3785 
2S.0 - 6.7151 22,5722 
30.0 ~,.(j.'l88 l'J·.YUUl 

33.4- - 4.0S:{S 128281 
,17.6 - 8.5729 29.4857 
4.:(? 6.6267 17.2120 

45.2 - 05.9212 19.22305 
4.7,;-) 9,40519 29.54-06 
4·9,7 -11.4-560 :19.1703 
50.0 - 2.2228 5.8840 
51.5 -15,1.1.35 55.1170 
53.8 [- 0.97141 f 3.6ilOOJ 
55.8 -12.4897 440.4325 
58.2 ····11.1690 39.8133 
62.0 -11.79:-l9 42.7950 
65.0 9.2110 32.3724· 
67.8 [·13.5138] r 
70.6 [- 2.6740] r 

experin:tcnl:al value reported. 
These values are based on the work of Belyacv and Mirnov (classical ac technique) [123]. 

3M .~O.O 28.0 

0.558 0.441 0.515 
0.614- 0.495 0.576 
0.670 0.546 0.635 
0.723 0.596 0.690 
0.776 0.64.3 0.742 
0.827 0.689 0.791 
0.876 0.733 0.837 
0.925 0.774. 0.879 

27.0 22.0 21.5 

0.666 
0.716 
0.764, 
0.810 [0.667] I [0.561] 
0.854 [0.695] [0.596] 

(0.723

1
1 (0.631] 0.396 

0.936 [0.752J [0.666] 
0.974- [0.78I) [0.700J 

C' 10" 

o 
f- 0.80001 
[ 7.2000] 
[- 0.8000] 
[- 1.60001 
[ 1.6000] 
-10.2693 
-16.2257 

'1.4·7':13 
7.0899 

-22.1596 
9.4:508 

-12.21,16 
-19.3697 
-30.0863 

o 
-,1-5.5572 

n 
-36.0394 
·32.0716 

--35.64.98 
25.3318 
38.'1000] 
7.2000J 

17.0 15.9 

[0.419] [0.310] 
[0.1·56] [0.350] 
[0.493] [0.390] 
[0.529] [0.4·33) 
[0.565] [0,4077] 

10.0 

[0.222] 
[0.227] 
[0.232] 
[O.236J 
[0.24.1] 

0.04-% 
Q.1.6'10 
0.20% 
0.130/0 
0.22% 
lL~li'Yo 

0,20% 
0.22% 
0.05% 
6.89% 
Q.4.6'10 

0.25% 
0.48% 
0.03% 
0.26% 

5.1 0'" 

[0.092] 
[0.100] 
[O.108J 0.00012 
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FIGURE 67. Temperature·composition phase diagram for KCl·LaCIa. 

In chzhu Sun and 1. S. Moro."v, ZhUl'. NCI)lg. Khilll., 
3, 1916 (1958). 

, Melt Preparation and Purification 

The preparation of LaCls by Forthmann et ai. [186] is 
described under the system KCI·NdClg• Cho and Kuroda 
[220] used commercial lanthanum nitrate as a starting 
material and reacted this with oxalic acid to produce 
lanthanum oxalate. This was then decomposed at 900-
1000 °C. Anhydrous LaCIg was then obtained by vacuum 
heating a mixture of pure La20g and NH4CI at 350°C for 
one- hour. The yield exceeded 90%. In order to remOve 

unreacted La20g, LaOCI and NH4Cl the product was fused 
at 950°C, evacuated for 2 hours and then the upper layer 
was removed and stored under an atmosphere of Ar. 

TABLE 384. Electrical conductance studies: KCl·LaCI, 

crltic8.TIY 
Ref. LaCI. Temp. range Comments Mol % (T) 

220 0_100 1057_1310 Cen materia]: quartz capillary 

cell; Pt electrodes; calibration: 
molten NaCI, KCI, CsCl 

186 0-100 (g) 1190 Cell material: quartz capillary 
cell; Pt electrodes; freq. range: 
100,000-250,000 Hz; calibra· 
tion: molten NaCl, KCl, CsC! 

J. Phys, Chern. Ref. Data, Vol. 4, No. 4,1975' 
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TABLE 385. KC1.LaCl,: Specific conductance (ohm-1 cm-1 ) 

Mol percent LaCh 

T 100 I 84.5 69.9 59.3 50.3 38.3 24.9 

1050 
\ 

0.935 

1060 0.958 0.980 

1070 
\ 

0.981 1.003 

1080 
i i 1.232 1.003 1.027 , 

I 

1090 1.057 1.259 1.026 1.050 

1100 1.088 1.060 1.285 1.049 1.072 

1110 1.11B 1.0B7 1.311 1.072 1.095 
1120 1.146 1.115 l.S38 1.094 1.117 

1130 1.174 1.139 1.364 1.117 1.139 

1140 1.201 1.165 1.390 1.139 1.161 

1150 1.227 1.189 1.415 1.161 1.182 

1160 1.167 1.2:;3 1.214 1.441 1.183 1.204 

1170 1.219 1.193 1.277 1.238 1.467 l.206 1.225 

1180 1.244 1.218 1.300 1.262 1.492 1.228 1.246 

1190 1.270 1.244 1.323 1.285 1.518 1.250 1.266 

1200 1.294 1.269 1.345 1.307 1.543 1.271 . 1.286 

1210 1.319 1.294 1.365 1.329 1.568 1.293 1.307 

1220 1.343 1.319 1.326 

1230 1.368 1.343 
J '}ItO Ul91 Ul69 
1250 1.415 1.392 
1260 1.438 1.417 
1270 1.461 
1280 1.484 
1290 1.507 
1300 1.529 

Temperature.dependent equations 
a I bT I cT2 

Mol % LaC], a b • 103 

0 -5.7416 ! 16.40B 
5.2 -0.8456 3.B20 

13.9 -2.5990 6.828 
24.9 -1.6079 4.222 
38.3 -1.1009 2.934 
50.3 -1.2162 3.422 
59.3 -2.7239 6.456 
69.9 -4.4667 10.423 
84.5 -1.7387 3.976 

100.0 -2.1376 4.930 

These values are based on the work of eho and Kuroda (classical ac technique) [220]. 

Ref. 

178 

220 

Ref. 

178 
220 
220 

TABLE 386. Density studies: KCl·LaC)' 

Investigations critically re·examined 

LaCl3 Temp. range Cell material Mol 0/0 (T) 

0-88 1075-1170 Mo or Pt capillary tube and 
crucible 

0-100 1040-1270 

Comparison with NSRDS recommendations: 
[1, p. 5 and this volume] 

L",CIs Min. departure Max. departure Mol 0/0 

0 -0.07% (1123 K) 
50 3.51 % (1260 K) 6.460/0 (1040 K) 
25 -0.840/0 (1130 K) -1.21% (1250 K) 

Comment: Density r~sults in reference [178] were reported in the 
form of linear temperature dependent equations with standard 
deviations of ±O.002 g em-3 • 

J. Phys. Chrtm. Ref. Data, Vol. 4, No.4, 1975 

13.9 5.2 0 

1.053 2.016 
1.076 1.448 2.046 
1.099 1.466 2.074 
1.121 1.484 2.100 
1.142 1.502 2.125 
1.1U3 1.520 2.14B 

1.183 1.538 2.170 
1.203 1.555 2.189 
1.222 1.572 2.207 
1.241 1.509 2.224 

1.259 1.606 2.238 
1.276 1.622 2.251 
1.293 1.638 2.263 
1.310 1.654 2.273 
1.325 1.669 
1.341 1.685 
1.355 1.700 

C. 106 

-8.374 
-1.212 
-2.817 
-1.186 
-0.404 
-0.4BO 
-2.273 
-4.481 
-0.789 
-1.324 



T 80 70 

1075 2.876 2.737 
1080 2.874 2.734 
1085 2.871 2.731 
1090 2.868 2.729 
1095 2.866 2.726 
1100 2.863 2.723 
n05 2.860 2.720 
1110 2.858 2.717 
1115 2.855 2.714 
1120 2.852 2.711 
1125 2.850 2.708 
1130 2.847 2.705 
1135 2.844 2.702 
1140 2.842 2.699 
1145 2.839 2.696 
1150 2.837 2.694 
1155 2.834 2.691 
1160 2.831 2.688 
1165 2.829 2.685 
1170 2.826 2.682 

a b' 104 

iU;R19? _'< 720!lR 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 387. KCl·LaCla; Density (g em-a) 

Mol percent LaCla 
I 

60 50 40 30 20 

2.600 2.459 2.309 2.]44 1.958 
2.597 2.456 2.306 2.141 1.955 
2.594 2.453 2.303 2.137 1.952 
2.591 2.450 2.299 2.134 1.949 
2.588 2.446 2.296 2.131 1.946 
2.585 2.443 2.293 2.128 1.943 
2.581 2.440 2.290 2.125 1.940 
2.578 2.437 2.286 2.122 1.937 
2.575 2.433 2.283 2.118 1.934 
2.572 2.430 2.280 2.115 1.931 
2.569 2.427 2.277 2.112 1.928 
2.566 2.424 2.274 2.109 1.925 
2.563 2.421 2.270 2.106 1.922 
2.560 2.418 2.267 2.103 1.919 
2.557 2.415 2.264 2.100 1.917 
2.554 2.411 2.261 2.097 1.914 
2.551 2.408 2.258 2.094 1.911 
2.548 2.405 2.255 2.091 1.908 
2.545 2.402 2.252 2.088 1.905 
2.542 2.399 2.249 2.085 1.903 

Two·dimensional equation aud statistical parameters 
p = a + bT + eG3 + dTC + eTC2 + fCf2 

c'107 d'105 e' 108 f· 10° 

_Q.'ll?R4 _2112911 8.1',::\911 ".1117'<7 

1041 

]0 0 53 

1.746 1.503 2.502 
1.744 1.500 2.499 
1.741 1.498 2.496 
1.738 1.495 2.493 
1.735 1.493 2.489 
1.732 1.490 2.486 
1.729 1.488 2.483 
1.727 1.485 2.480 
1.724 1.483 2.477 
1.721 1.481 2.473 
1.719 1.478 2.470 
1.716 1.476 2.467 
1.713 1.474 2.464 
1.711 1.472 2.461 
1.708 1.469 2.458 
1.706 1.467 2.455 
1.703 1.465 2.452 
1.701 1.463 2.449 
1.698 1.461 2.446 
1.696 1.459 2.442 

Max. percent Stand. 
error departure of est. 

0.45% 
(11i3.2 K, 100 O.OB% 
mol % KCI) 

These values are based on the work of Smirnov and Stepanov (modified maxImum bubble pressure technique) [178]. C mol % KCl. 

J. Phys. Chem. Ref. Dota, Vol. 4, No.4, 1975 
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T 

1075 
1080 
1085 
1090 
1095 
1100 
n05 
1110 
1115 
1120 
1125 
1130 

1135 
1140 
1145 
1150 
1155 
1160 
1165 
1170 

I 

BB 

2.997 
2.995 
2.992 
2.989 
2.986 
2.983 
2.980 
2.978 
2.975 
2.972 
2.969 
2.966 
2.963 
2.960 
2.958 

, 

2.955 
2.952 
2.949 
2.946 
9.Q<1? 

Mol % LaC). 

o 
12 
25 

75 ! 
2.806 

t 

2.803 
2.801 
2.798 
2.795 
2.792 
2.790 
2.787 
2.784 
2.781 
2.779 
2.776 
2.773 
2.770 
2.768 
2.765 
2.762 
2.759 
2.757 

i 9.754 

JANZ ET AL. 

TABLE 388. KCi-LaC],: Density (g em -8) 

Mol percent LaC], 

62 50 37 

2.624 2.456 2.259 
2.621 2.453 2.256 
2.618 2.450 2.253 
2.615 2.447 2.250 
2.612 2.444 2.247 
2.610 

, 
2.441 2.245 

2.607 2.439 2.242 
2.604 2.436 2.239 
2.601 2.433 2.236 
2.599 2.430 2.233 
2.596 2.427 2.230 
2.593 2.424 2.227 

2.590 2.422 2.224 
2.588 2.419 2.222 
2.585 2.416 2.219 
2.582 2.413 2.216 
2.579 2.410 2.213 
2.577 .2.407 2.210 
2.574 2.405 2.207 
957J ')..4.09 99.0<1 

Temperature-dependent equations 
a+ bT 

(l 

2.130 
2.396 
2.667 

25 12 

2.053 1.791 
2.050 1.788 
2.047 1.785 
2.045 1.782 
2.042 1.780 
2.039 1.777 
2.036 1.774 

I 
2.033 1.771 
2.030 1.768 

I 2.027 1.765 
2.025 1.763 
2.022 1.760 
2.019 1.757 
2.016 1.754 
2.013 1.751 
2.010 1.749 
2.007 1.746 
2.005 1.743 
2.002 1.740 
1QQQ 17:>.7 

b • 10' 

-5.79 
-5.63 
-5.71 

37 2.877 -5.75 
50 3.064 -5.66 
62 3.218 -5.53 
75 3.394 -5.47 
88 3.608 -5.68 

These values are based on the work of Smirnov and Stepanov (modified maximum bubble pressure technique) [178]. 

TABLE 389. Surface tension studies: KC1-LaCls 

Investigations critically re-examined 

Rd_ LaC], Temp. range 
C:nmmpnt~ 

MoI7a (T) 

178 0-88 1080-1260 Cell material: Mo or Pt 
capillary and crucible enclosed 
in a sealed quartz tube; 
calibration: apparatus tested 
by measurements on molten 
NaCI (825--1010 'C) 

Deviations from previous NSRDS recommendations: [2, p. 58] 

Ref. 

178 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

LaC], j 
Mol % Min. departure 

{) 1 -0.8] % (1073 K) 

:Wax. departure 

-1.42% (1173 K) 

0 

1.508 
1.505 
1.502 
1.499 
1.496 
1.493 
1.490 
1.487 
1.484 
1.482 
1.479 
1.476 

1.473 
1.470 
1.467 
1.464 
1.461 
1.458 
1.455 
11\.;;:>, 



T 

lOBO 
lOBS 
1090 
1095 
1100 
1105 
1110 
1115 
1120 
1125 
1130 
1135 
1140 
1145 
1150 
1155 
1160 
1165 
1170 
IHlU 

1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 

100 

117.76 
110.44 

115.12 
113.BO 
112.48 
111.16 
109.84 
108.52 
107.20 
10S.as 

Mol % LaC]. 

o 
12 
25 
37 
50 
62 
75 
88 

100 

BB 

llB.25· 
117.96 
117.67 
117.38 
117.09 
116.80 
116.51 
116.22 
115.93 
115.64 
115.35 
115.06 
114.77 
llU8 
114.19 
113.90 
113.60. 
113.31 
113.02 

PROPERTI.ES OF CHLORIDES AND MIXTURES 

TABLE 390. KCI·LaCJ.: Surface tension.(dyn cm-1 ) 

75 

111.81 
lll.4B 
111.16 
110.84 
110.51 
110.19 
109.86 
109.54 
109.21 
108.89 
108.56 
108.24 
107.91 
107.59 
107.27 
106.94 
106.62 
106.29 
105.97 

62 50 

107.12 103.85 
106.79 103.50 
106.45 103.15 

I 106.12 Hl2.79 
105.78 102.44 
105.44 102.09 
105.11 101.73 
104.77 101.38 
104.44 101.03 
104.10 100.68 
103.76 100.32 
103.43 99.97 
103.09 99.62 
102.76 99.26 
102.42 98.91 
102.0B 98.56 
101.75 98.20 
101.41 97.85 
101.0B 97.50 

Temperature·dependent equations 
'Y=a..l- bT 

a 

187.0 
176.7 
176.2 
177.9 
180.1 
179.7 
181.9 
181.0 
272.2 

37 

101.22 
100.B7 
100.51 
100.16 
99.80 
99.45 
99.09 
98.74 
98.38 
98.03 
97.67 
97.32 
96.96 
96.61 
96.25 
95.90 
95.54 
95.19 
94.83 

25 

99.52 
99.17 
98.81 
98.46 
98.10 
97.75 
97.39 
97.04 
96.68 
96.33 
95.97 
Y5.o2 
95.26 
94.91 
94.55 
94.20 
93.84 
93.49 
93.13 

12 

97.B6 
97.50 
97.13 
96.77 
96.40 
96.04 
95.67 
95.31 
94.94 
94.58 
94.21 
93.8::; 
93.48 
93.12 
92.75 
92.39 
92.02 
91.66 
91.29 

- B.29 
- 7.30 
- 7.10 

7.10 
- 7.06 
- 6.72 
- 6.49 
- 5.81 
-13.2 

1043 

0 

97.47 
97.05 
96.64 
96.23 
95.81 
95.40 
94.98 
~4.51 

94.15 
93.74 
93.32 
92.91 
92.49 
92.08 
91.67 
91.25 
90.84 
90.42 
90.01 

These values are based on the work of Smirnov and Stepanov (maximum bubble pressure method) [178]. The temperature range trom 
lOBO to 1170 K was assumed. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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Flcun:s 69. Temperature compodtion phnce dia.gram for KCl Liel. 

S. Zhemchuzhngi and F. Rambath, Izv. Spb. Politekh
nicheskogo Institute, 12, 349 (1909); Zh. Russ. Fiz.
Khim. Ova Chast Fil. 41, 1785 (1909); S. Zemezuzny 
and F. Rnmbach, Z. Anorg. Chem., 65, 403 (1910). 

. Melt Preparation and Purification 

Karpachev et al. [23J dehydrated the chloride salts 
in an electric oven. The dried mixture was analyzed for 
total chloride with AgNO:!. 

Van Artsdalen and Yaffe [37J used analytical grade 
materials which were dehydrated by fusion under an 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

atmosphere of, hydrogen or argon gas. The melts were 
then cooled to room temperature, crushed and stored in. a 
lIly atlIlulIpllt:n::. Mi><lUH::::; w!:'!"!:' pl<tl.:ell ill 0. pl<ttiuum

rhodium crucible and gradually heated in an inert atmos
phere to a temperature slightly above the melting point. 
Hydrolysis was checked for after each experiment and 
composition analysis consisted of total chloride by pre
cipitation as silver chloride. 

Duke and Bissell [47J dehydrated Baker "analyzed" 
LiC! CiIlll KCl Cit 430 nc JUl 36 hUUl~ ill i.l. Vdcu'um 

apparatus. 
Janz et aL [84 J used Fisher "reagent grade" materials 

which were dried in an all glass vacuum-transfer system. 
The salts were placed in vials and evacuated to 10-0 mm 
pressure at room temperature or at 100°C; a dry argon 
or nitrogen "flush" was used to hasten water removal. 
Th~ UCland KCl dried using lhb pruceuure ~Cive pH 
readings of 7.1 and 6.6, respectively for their aqueous 
solutions. The eutectic mixture was prepared, placed in 
the conductance cell and evacuated at 300°C overnight. 

The preparation of pure salts by Sakai and Suzuki 
[127] is described under the LiCI·NaCl system. 

Ellis [187J used reagent-grade alkali metal halides 
which were dried at 200°C overnight. The LiCl-KCl 
eutectic mixture was prepared by ball.milling the dry 
salts together, fusing them under vacuum over a 72 hour 
period and pass;ing anhydrous Hel through the melt for 

two hours. Before using, the gray colored product was 
filtered producing a colorless melt and a white solid on 
solidification. 

Nissen and Carlsten [230,231J used reagent grade 
materials, which were carefully vacuum dried before use. 
The appropriate composition was made up by accurately 
weighing the dried salts directly into the container. After 
melting, the salts were further purified by use of chlorine 
and hydrogen chloride gas. All weighing and other manip. 
ulations were performed in an atmosphere containing less 
than 100 ppm of water. Each sample was analyzed by 
atomic absorption after the measurement to determine the 
exact composition. 
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TABLE 392. Electrical conductance studies: KCl·LiCI 

Ref. 

23 

37" 

47b 

Investigations critically re·examined 

LiCI Temp. range : Comments 
Mol % (T) . 

0-100 873-1213 Cell material: quartz; Pt 
electrodes; calibration: 
molten CdCI, 

0-100 668-1201 Cell material: quartz; Pt 
electrodes; freq. range: 
2000-20,000 Hz; calibration: 

1.0 Demal KCI solution 

0-100 703-1157 Cell material: silica; Ag/ AgCI 
electrodes; calibration: 
1.0 Demal KCI solution 

60 0-100 (g) 

65 0-100 

50 

823-1153 Cell material: alumina 
(li·shaped tube) ; Pt electrodes; 
freq. range: 800 Hz; calibra· 
tion: molten KCI 

633-673 Cell n'latcrif.l.l; Pyrex; Pt 

electrodes; freq. range: 
750-5000 Hz; calibration: 
KCI solutions 

94" 0-100 (g) 1073 

102 15-88 (g) 973 

127 58.5 (g) 673-1023 Cell material: Vycor glass; 
Pt electrodes; freq. range: 1000 
Hz; calibration: 1.0 Demal 
KCl solution 

873-1073 Cell material: quartz 

183· 0-100 (g) 1073 

192 20 (g) 970-1200 

216 0-100 (g) Hl73 

218 eutectic (g) 118~1390 

Comparison with NSRDS recommendations: 
[1, pp. 4, 5 and this volume] 

Ref. LiC! Min. departure Max. departure Mol % 

23 IDO -D.44% (1123 K) -3.1% (l053 K) 
47 IDO 2.2% (1019 K) 2.60/0 ( 900 K) 
65 WO -0.31 % (1023 K) -1.2% 0073 K) 
47 81.8 3.5% ( 813 K) 4.4% ( 953 K) 
65 8LB -4.9% ( 873 K) 
23 70 5.8% ( 981 K) 6.0% ( 775 K) 
65 58.8 -0.05'}'o ( 793 K) -0.6% ( 713 K) 
84 58.8 4.3% ( 663 K) 
47 40 -O.Q!1o/n ( R9::l K) -12% ( Q!1::lK) 

65 40 -0.80/0 ( 973 K) -2.8% ( 923 K) 
23 20 3.9% (1038 K) 
47 20 0.080/0 (l033 K) 0.33% (l093 K) 
65 20 0.9% (l023 K) 1.7% 0073 Kl 
23 0 -2.3% (l053 K) -5.10/0 (l213 K) 
47 0 -0.04% (1ll0 K) -0.74% (1157 K) 

'Resistance measurements made by Van Artsdalen and Yaffe 
[37] in the range 2000 to 20,000 Hz were found to vary less than 
0.5'}'o. Recalibration of the quartz dip·type capillary cells showed 
changes of Jess than 0.3% and an average change of 0.1% in the 
cell constants. Measurements on melts which showed evidence of 
hydrolysis were discarded. Experimental conductance data was reo 

ported together with temperature dependent equations of the form: 
K = a + ut + ct~, with standard deviations in the range 1 X 10-3 

ohm- 1 cm-1 (70.4 mol % LiCn to 8 X W- 3 ohm- 1 cm- 1 (l00 
mol % LiCn. 

bDuke and Bissell [47] reported no observable attack of the melts 
on their Vycor cells and found changes of only 0.04% in the cell 
constant of these cells after an eight hour period of contact with the 
melts. 

'Data from reference [37). 
dComposition of mixture was not reported in reference [159J. 

T 100 

670 
690 
710 
730 
750 
770 
790 
810 
830 
850 
870 
890 
910 5.819 
930 5.940 
950 6.054 
970 6.161 
990 6.261 

1010 6.353 
1030 6.439 
1050 6.517 
1070 
1090 
1110 
1130 
1150 
1170 
1190 

Mol % IX! 

0 
19.96 
40.45 
58.130 
70.36 
81.77 

loo 

Mol percent Liel 

81.77 70.36 58.80 40.45 

1.9.27 

1.360 
1.490 

1.976 1.615 
2.133 1.737 
2.280 1.854 
2.416 1.967 

3.150 2.541 2.076 
3.271 2.656 2.181 
3.386 2.760 2.281 
3.495 2.854 1.890 
3.599 1.992 

2.087 
2.177 
2.260 
2.337 
2.408 , 
2.472 

Temperature·dependent equations 
K=a+bT+cT2 

a b· 102 c'10ij 

-5.5231 1.1714 -4.1800 
-5.9678 1.2866 -4.7560 
-8.5932 1.8845 -7.8109 
-5.6492 1.3732 -5.1788 

-11,0108 2.7461 -13.2471 
-6.7217 1.8182 -7.4002 
-7.3766 2.2747 -9.0623 

19.96 0 

2.109 
2.176 
2.239 
2.298 
2.354 2.225 
2.406 2.279 
2.454 2.329 

2.376 
2.420 
2.460 
2.497 

Stand. 
error 
of cst. 

0.19% 
0.17% 
0.24% 
0.18% 
0.49% 
0.09'}'o 
0.35% 

These values are based on the work of Van Artsdalcn and Yaffe 
(classical ae technique) [37]. 
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Ref. 

23 

37" 

100b 

149< 

215d 

Ref. 

149 
23 

149 
23 

149 
lltC) 

JANZ ET Al. 

TABLE 394. studies: KCI·LiCl 

Investigations critically re·examined 

LiCI Temp. range Cell rna terial :viol % (T) 

20-80 950-11S6 

0-100 668-1212 Pt bob, Pt-Rh suspension wire 

0-100 (g) 1063 Pt sinker 

0-100 873-1173 

O-I{JO (g) 1063 

Comparisons with NSRDS recommendations: 
[1, pp. 4, S and this volume] 

LiCI 
I Min. departure Max. departure Mol % 

100 I -0.27% (910 K) -0.28% (1050 K) 
40 1.3% (921 K) 
40 0.02% (953K) 0.09'10 (1013 K) 
20 0.48% (1126 K) 
20 -0.26% (963K) -0.270/0 (1073 K) 

0 -0.03% (1080 K) 0.12% (1160 K) 

were reported as' well as linear temperature dependent equations 
with standard deviations in the range 1 X 10-· g em -3 (lOO, 70.4, 
81.811101 '10 LiC]) to 4X 10-4 g cm-3 (40.4 mol % LieD. 

"Data from reference [37]. 
·Zuca and Borean [149] report their density results in the form of 

linear temperature dependent equations with standard deviations in 
the range: 2 X 10- 4 g cm-3 (0 mol % LiC\) to 5 X 10- 4 g cm- 3 

(40 and 60 mol % LiC!) . 
dData from reference [264]. 

"Van Artsdalen and Yaffe [37] corrected for the expansion of the 
platinum density hoh with temperature. Experimental density data 

TABLE 395. KCI·LiCI: Density (g em-a) 

Mol percent Liel 

T 100 90 80 70 60 50 40 30 20 10 0 59.5 

720 1.646 
i 740 1.622 1.636 1.636 

760 1.598 1.612 1.625 1.626 
780 1.588 1.602 1.615 1.627 1.615 
800 1.578 1.591 1.604 1.616 1.605 
R?() 1.552 1.568 1.581 1.594 1.605 1.594 
840 1.542 1.558 1.S71 1.583 1.595 1.584 : 
860 1.533 1.548 1.562 1.573 1.584 1.595 1.574 
880 1.523 1.539 1.574 1584 1.564 
900 1.496 1.514, 1.563 1.573 1.583 
920 1.487 1. 50S 1.553 1.562 1.572 
940 1.478 1.496 1.543 1.552 1.561 
960 1.469 1.541 1.550 
980 1.460 1.531 1.539 1.548 

1000 1.451 1.521 1.528 1.536 
1020 1.443 1.518 1.525 1.534 
1040 1.434 1.507 1.514 1.522 
1060 i 1.497 1.503 1.5]0 1.520 
1080 

I 

1.492 1.499 1.507 
1100 1.481 1.487 1.495 

" 1120 1.471 1.476 1.483 
1140 1.465 1.471 
iloa 

I 

1.454 1.4.50 
1180 1.447 
1200 

i 
1.436 

Two.dimensional equation and statistical parameters 
p a + bT + eC + dTs + eCs + fTC" 

: Max. Stand. 
a b' 10" e' 103 d'lOll e' 10' f'108 percent error 

departure of est. 

{).36% 
1.98715 -5.89069 2.02443 5.31098 1.21294 -2.16826 (1019.2 K, 59.55 0.13'}O 

mol % KC!) 

These values are based on the work of Van Artsdalen and Yaffe (Archlmedean method) [37]. C = mol % LiCl. 
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TABLE 396. KCl-LiCl: Density (g em-a) 

T 100 

680 
700 
720 
740 
760 
780 
800 
l"l20 
840 
860 
BBO 
900 1.495 
920 1.4B6 
940 1.477 
960 1.469 
980 1.460 

1000 1.451 
1020 1.443 
1040 1.434 
1060 
1080 
noo 
ll20 
1140 
1100 

1180 
1200 

Mol % LiCl 

0 
19.96 
40.45 
58.80 
70.36 
81.77 

100 

Mol percent LiCI 

81.77 70.36 58.80 40.45 

1.670 
1.660 
1.649 

1.619 1.639 
1.609 1.628 
1.599 1.618 
1.589 1.607 

Uihll U;7l"l 1.597 
1.558 1.568 1.586 
1.548 1.558 1.576 1.594 
1.539 1.583 

! 1.529 1.572 
' 1.519 1.560 

1.549 
1.538 

i 1.527 
1.516 

Temperature-dependent equations 
p=a+ bT 

! 
I a b • 104 

2.1376 -5.8445 
2.1172 -5.7764 
2.0768 -5.6120 
2.0286 -5.2676 
1.9945 -5.0738 
1.9689 -4.8908 
1.8832 -4.3182 

19.96 0 

1.551 
1.540 
1.528 
1.516 
1.505 1.518 
1.493 1.506 
1.482 1.495 
1.470 1.483 

1.471 
1.400 

1.448 
1.436 

Stand. 
error 
of est. 

0.03% 
0.02% 
0.03% 
0.01% 
0,01% 
0.01% 
0.010/0 

These values are hased on the work of Van Art.dalen and Yaffe 
(Archimedean method) [37]. 

Ref. 

23 

86 

88 

100 

149' 

187 

215 

216 

327" 

Ref. 

23 
86 
88 

100 
149 

23 
96 
88 

100 
23 
23 

23 
86 

100 
23 
86 

100 
23 
86 
88 

100 
23 
86 
88 

100 
149 -

TABLE 397. Viscosity studies: KCl-UCl 

Investigations critically re-examined 

LiCI Temp: range Comments 1'1101% (T) 

0-100 673-1123 

0-100 836-1087 Cell material: PI disc 

0-100 911-1187 Cell material: Pt sphere; 
calibration: water, nitroben-
zene, aniline, molten NaNO. 
and ICCI 

0-100 1015-1123 Cell material: Pt disc; 
calibration: H.SO. solutions 
and molten KCI 

0-100 892-1156 Cell material: Pt spbere and 
Pt suspension wire 

60 -645-833 Cell material: viscometer with 
an outer container consisting 
of a Ni can and a Vycor 
glass liner, Pt-10%Rh wire 
probes 

0-1{)0 1015-1123 

0-100 (g) 1073 

0-100 (g) (:f/U-l:!UU 

Comparison with NSRDS recommendations: 
[1 pp 4, 5 and this volume) , 

Liel Min. departure Max. departure 
1'1101% 

100 -2.4% (973K) -8.0% (1073 K) 
100 7.3% (947K) 15.60/0 (917K) 
100 -1.20/0 (911 K) 9.60/0 (1023 K) 
100 21.50/0 (1015K) 34.5% (1083 K) 
100 0.80/0 (972K) 5.2% (1043 K) 
100 3.3% (973K) 15.6% (1073 K) 
100 9.1% (1013K) 27.7% (990K) 

100 5.6% (l023K) 6.1% (948K) 
100 18.20/0 (1015 K) 23.5% (1063 K) 
60 0.88% (973K) -14.3% (1073 K) 
50 Ol"l5% (Q7:lK) 17.6% (923K) 
40 -2.80/0 (923K) -8.310 (1023 K) 
40 -8.7% (999K) 
40 30.90/0 (l063K) 
20 -5.2% (973K) -14.7% (1073 K) 
20 -4.30/0 0021 K) 
20 21.0% (1063 K) 
0 2.10/0 (1123 K) 
0 -1.9% (1087 K) 
0 -1.10/0 (1051K) 
0 24.3% m08K) 
0 -1.8% (1073K) 9.5% (1173 K) 

I 0 0.1010 (1087 K) -2.2% (l056 K) 
0 0.0% (1151 K) 9.1% (1l06K) 
0 23.5% (1108 K) 59.3% (1063 K) 
0 0.90/0 (l085K) 2.2% (1156 K) 

aZn"~ An~ Rorr.Rn [149] report nUrrierical data alone with Arrhe
nius equations with standard deviations for EA. the activation energy 
in the range: 1.2 X 10- 2 Kcal rnol- 1 (60 mol % LiC], E>.. = 4.94 
Kcal mol- 1 ) to 6.4 X 10- 2 Kcal mol- 1 (l00 mol % LiCl, EA. = 
6.20 Kcal mol- 1

). The authors state an overall experimental error of 
±1.00/o in their viscosity measurements. 

bData from reference [100]. 
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T 100 I 80 

890 
900 1.60 
910 1.54 1.40 
920 1.49 1.36 
930 1.43 1.32 
940 1.38 1.28 
950 1.33 1.24 
960 1.29 1.21 
970 1.24 I 1.18 
980 1.20 

, 
1.15 

990 1.17 1.12 
1000 1.13 1.09 
1010 UO 1.06 
1020 1.07 1.04 

1030 1.05 1.01 
1040 1.02 0.99 
1050 1.01 0.97 
1060 0~99 0~9S 

1070 0.98 0.93 
1080 
1090 
1100 
1110 
1120 
1130 
1140 

I 1150 I 

Mol % Lie] a b • 102 

0 13.5546 -2.0050 
20 
30 
40 I 

50 
60 8.5113 -0.7401 
80 

100 10.0147 -0.5158 

JANZ ET AL. 

60 50 40 

1.46 
1.42 
1.38 
1.33 1.45 
1.29 1.35 1.4.0 
1.25 1.31 1.S(} 
1.22 1.27 1.32 
U8 1.23 1.28 
1.15 1.20 1.24 

1.12 1.17 1.21 
1.09 1.13 1.18 
1.06 1.10 1.14 
1.03 1.08 1.11 
1.01 1.05 1.09 

0.99 1.02 1.06 

0.97 1.00 1.03 

0.95 0.97 1.01 
0.9., 0.95 0.98 
0.92 0.93 

I 

0.96 

I 

Temperature·dependent equations 
7J = a + bT + CT2 + dTa 

7J - A • exp (EIRT) -

C· 10" d'IOn 

7.8613 0 

-4.8633 4.8121 

-13.0241 9.2997 

: 

I 

A • 102 

7.037 
9.019 
7.793 
7.860 

8.893 

These values are based on the work of Zuca and Borcan (oscillatIng sphere method) [149J. 

J. Phys. Chem. Ref. Oafa, Vol. 4, No.4, 1975 

30 20 0 

1.47 
1.42 
1.38 
1.34 
1.31 
1.27 1.36 
1.24 1.32 
1.20 1.28 
1.17 1.24 
1.14 1.21 
1.12 US 

1.09 1.14 
1.G6 1.11 
1.04 1.09 
1.01 1.06 
0.99 1.03 
0.97 1.01 

1.04 
1.01 
0.99 
0.96 
0.94 
0.92 
0.89 

Stand. 
E (cal mol- 1 ) error 

of est. 

0.76% 
5707 0.69% 
5097 1.69% 
5337 1.01 % 
5249 1.09% 

0.59% 
4980 0.98% 

1.36% 



T 90 80 

700 
720 
740 
760 
780 
600 
820 
840 I 

860 : 
seo 124.0 121.6 
900 122.6 120.1 
920 121.3 l1S.6 
940 119.9 117.2 
960 118.6 115.7 
980 117.2 114.2 

1000 115.8 112.7 
1020 114.5 1l1.8 
1040 113.1 109.8 
1060 111.7 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 399. Surface tension studies: KCI-LiCl 

Investigations critically re-examined 

Ref. Liel Temp. range Comments 
Mol % (T) 

230, 10-90 660-1083 Cen material: capillary tip 
231' fabricated from pure gold; 

calibration: KNO. and N aNO. 

257 0-100 923-1173 Cell material: Pt capillary; 
calibration: radius of capillary 
determined from measure-
ments on molten LiC], NaCl 
and KCI 

Comparicon :with NSRDS recommendation.: 

[2 pp 57 58 and this volume] , , 

Ref. I Lie] 
Mol % 

Min. departure Max. departure 

257 

I 
100 2.9'70 0073 K) 3.20/0 (923K) 

257 0 -0.30% (1073 K) -1.1% (1173K) 

257 40 3.16% (700K) 5.36% (850K) 

"Nissen and Carlsten [230. 2311 indicate that careful attention 
should be paid to the capillary tip, in particular that the bore should 
be as accurately round as possible, the end flat and perpendicular 
to the axis of the capillary and the Ilnd of the orifice should be 
very sharp. A Lietz Ortholux microscope was used. to check the 
condition and diameter of the orifice. All measurements were cor
reeted for thermal expansion of the orifice. The level of the vapor· 
liquid interface was determined by meB.jluring the resistance be· 
tween the capillary and a gold·sheathed thermocouple placed in the 
melt as the tip was slowly lowered by means of an adjustment 
screw attached to the micrometer head. The temperature of the melt 
was maintained constant within ±0.5 °C. The vertical temperature 
gradient through the sample was less than 1 cC. The experimental 
error assessed by Nissen and Carlsten was ±0.2 dyn/cm. 

TABLE 400. KCl·LiCl: Surface tension (dyn cm- 1 ) 

Mol percent KCI 

70 60 50 40 30 

132.2 

I 130.6 
129.0 

128.7 127.4 I 126.2 
127.2 125.8 124.6 
125.7 124.2 123.0 
124.1 122.6 121.3 
122.6 121.0 119.7 
121.0 119.4 118.0 117.0 
119.:; 117:7 110.3 115.3 
117.9 116.1 114.7 113.6 
116.4 114.5 113.0 111.9 
114.8 112.9 111.4 1l0.2 
113.3 111.3 109.7 108.5 107.8 
111.7 108.0 106.8 106.1 

105.1 104.4 
103.4 102.7 

101.0 

j 99.3 

1049 

20 10 58.0 

I 131.9 

i 130.3 
, 128.7 

127.0 
125.4 
123.7 
122.1 
120.4 
118.8 

, 

105.9 
104.2 
102.5 
100.S 
99.2 99.5 
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a b· 102 

177.43373 -5.43167 

JANZ ET AL. 

TABLE 400. KCl·LiCl: Surface tension (dyn cm-.' )-Continued 

c·l0 

3.40743 

parameters 

'Y = a + hT + cC + dT2 + eCZ + ITC + gTC2 

d'10G e • 103 I' 10' g' lOG 

-3.73703 1-3.19922 -7.20291 5.57068 

Max. 
percent 

departure 

0.760/0 
876.15 K; 21.0 

mol % KCI 

These values are based on the work of Nissen and Carls ten (maximum bubble pressure method) [230,23lJ, C mol % KCl. 

TABLE 401. KCI·LiCl: Surface tension em-I) 

Mol percent LiCI 

T 90 79 69 58 50 40 30 22 15 

660 135.22 
680 133.57 
700 131.92 
720 130.28 
740 128.63 i 
760 126.98 
780 127.30 125.33 124.31 
800 125.74 123.69 122.70 
820 124.17 122.04 121.08 
840 123.88 122.61 120.39 119.46 
860 122.46 121.04 118.75 117.85 
880 123.96 121.04 119.47 117.10 116.23 115.09 
900 122.61 119.62 115.45 114.61 113.40 
920 121.20 

: 
118.2U lli:UH l1iWU 111.71 1W.!n 

940 119.90 116.78 111.38 110.02 109.23 
i 

960 118.56 115.36 109.77 108.33 107.49 
980 117.20 113.94 108.15 106.64 105.75 106.40 

1000 115.85 112.52 106.53 104.95 104.01 104.57 
1020 114.50 111.10 104.92 103.25 102.28 102.73 102.95 
1040 113.15 100.54 100.90 101.25 
1060 111.80 98.80 99.07 99.55' 
1080 97.86 
1100 96.16 

Temperature·dependent equations at experimental compositions 
'Y = a + bT 

Stand. 
error 
of est. 

0.370/0 

10 

101.03 
99.37 
97.71 
96.04 

Mol % LiCl a b' 102 Stand. error of est. 

10 187.4541 -8.30993 0.139 
15 189.5651 -8.49146 0.086 
22 196.2269 -9.1660G 0.213 
30 190.9364 -8.69217 0.240 
40 189.4704 -8.45251 0.269 
50 187.3435 -8.08096 0.245 
58 189.5657 -8.23478 0.877 
69 188.3650 -7.82852 0.280 
79 183.5300 -7.10111 0.460 
90 183.3852 -6.75324 0.236 

These values are based on the work of Nissen and Carlsten (maximum bubble pressure method) [230,231]. 
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KCI.MgCh 

KCI-MgCI 2 

800 

o 0 

400 

20 40 60 

Mol % KCI 

80 

o 0 0 

100 
KCI 

FJCURE 69. Tcmpcraturc.compo~ition pha~c diagralll fOl ICC] .. M~Ch. 

O. Menge, Z. Anorg.-AlIg. Chem., 72, 162 (l911). 

Melt Preparation and Purification 

The methods of Huber et al. [30] for the preparation 
of pure MgClz and KCl are given under CaCb-MgCI2 
and CaCI2-KCl, respectively. 

Treadwell and Cohen [62] prepared pure MgCb by 
reacting MgO with KCl. 

Ukshe and Kachina-Pulio [96] used "chemically pure" 
grade KCI and MgCI2• The salts were dried by initially 
heating with ammonium chloride followed by fusion in 
a stream of dry argon. Prior to actual measurements argon 
was bubbled through the melt for one hour. 

Bathshov [114] used "chemically pure" salts and dehy. 
drated the MgClz by heating the MgCI2· 6HzO and NH4CI 
in a IIe} almosphere. Analysis of the MgCl2 mdicated 
approximately 0.2-0.3% MgO. 

Sherbakov and Markov [113] used "chemically pure" 
KCI and MgCb which were recrystallized twice and then 
heated at 500°C for 1-2 hours. Magnesium chloride was 
dehydrated using NH4 Cl. Following each experiment the 
melt was analyzed for MgClz; MgO content was found to 
be less than 0.2%. 

Sakai and Hayashi [117] used "high purity" MgC12 

(99.95%; Nippon Soda Co., Takaoka Corp.). Purification 
involved the initial loading of thp. ~l'llt into a sample 

reservoir of the conductance cell. The salt was covered 
with a layer of diphenylamine and dry CO2 was passed 
over the salt for one hour. The diphenylamine was melted 
to cover the entire sample and then evaporated by evac-

uating the cell for 30 minutes at 200 °C. After melting 
the MgCI~ unrler ,.,hlorinp. gR", tnp. SRlt WR" tl'Rn",ferJ'ed to 

the capillary compartment of the cell by proper tilting of 
the heating furnace. No formation of the oxychloride was 
detected in the above process. 

Lillebuen [13U] and Grjotheim et a1. l133J used 
Baker "analytical reagent" grade KCI which was dried at 
about 500°C under moderate .vacuum (0.1-0.01 Torr). 
The preparation of pure MgCIz is described under the 
system CaC12·MgCb. 

Stromberg et al. [145] recrystallized KCl and MgCI2 ' 

6HzO several times from water and dehydrated the mixture 
which contained NH4Cl. 

Reding [150, 241] used Baker and Adamson "reagent 
grade" KCl. The MgCb was obtained from the core of 
anhydrous magnc5ium chloride cake" purchMed from 

titanium and zirconium producers. The KCI was dried 
under vacuum at 400 °C for 12 hours and MgCb waS 
dehydrated by heating for 12 hours at 200 °C followed 
by further. drying at 500°C for 5 hours. Only MgCb 
containing <1% MgO and >99% MgCb was used for 
actual preparation. 

Arndt and Kunze [153] used pure salts without 
further purification. When mixtures were melted, NH4CI 
was added to avoid decomposition of the MgCI2• 

However, some decomposition was still observed dur
ing measurements. 

Desyatnikov [245] used "chemically pure" KCl and 
MgCb. The SOi- and Fe2 + impurities in the salts did 
not exceed 0.005%. Th" M!',O (';uIIl"!It ill lhe aIlhydrou~ 

MgCb was 0.2-0.4%. Dehydration of the MgCI2 involved 
passing a stream of dry HCl gas through the melt for 6-8 
hours, after which CO2 was bubbled through for 20-30 
minutes to displace the Hel. 

TABLE 402. Electrical conductance studies: KC].MgC)' 

Investigations critically re·examined 

Ref. MgCl. Temp. range Comments Mol % (T) 

30 0-87.9 947-1236 Cell material: silica; Pt 
electrodes; freq. range: 1000 
Hz; calibration: saturated N ael 

94" 0-100 (g) 1073 

96 0-100 1035-1170 Cell material: quartz; Pt 
dCCliOUCO; £1 e'l. HUlgC; 1000-
20,000 Hz; calibration: molten 
XCI 

102 19-75 (g) 973 Cell material: quartz; Pt 
electrodes; calibration: molten 
KNO. and NaNO. 
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TABLE 4,02. Electrical conductunce studies: KCI.~1gCI.-Continued 

Ref. 

109 

113 

114 

117 

145 

153 

159 

216 

Ref. 

96 
109 
114 

117 
145 
109 
114 
145 
113 
30 

145 
109 
114-
30 
30 
96 

109 
113 
114 
145 

Investigations critically re.exa(l1ined 

MgCI2 Temp. range I Comments Mol % (T) 

0,20,40 Cell material: Al,03 tube in a 
60,80,100 986-1150 quartz tube container; Pt 

electrodes; freq. range: 2000-
20,000 Hz; calibration: 
saturated NaCl solution and 
IN KCI solution 

0-76.402 953--1093 Cell material: quartz; PI 
electrodes; calibration: H,SO. 
solutions 

0-100 923--1123 Cell material: Pt cylinder; 
electrodes: Pt dish; ca libra· 
tion: molten NaCI 

18.5-100 723--1023 Cell material: quartz; Pt 
electrodes 

0-100 773--1123 Cell material: quartz; 
cnlibrntion: molton CdC], 

50 843-1053 Cell material: porcelain; Pt 
electrodes 

oue Uti.htUlc 073-1073 Cell material: quart& 

! 

i 

(g) 

0-100 (g) 1073 

Compuriconc whh NSRDS recommendation., 

[1, pp. 5, 6 and this volume] 

MgCl, Min. departure Max. departure Mol % 

100 2.3% (1074K) 2.40/0 (1130 K) 
100 0.36% (1038K) 1.83% (1082 K) 
100 -3.7% (1023K) -5.5% (1123 K) 
100 0.65% 0023 K) 0.810/0 (973K) 
100 U.U'fo (lUI3K) -2.1 'Yo (1023K) 

100 -0.92% (1023 K) 
100 4.6'}'0 (1023 K) 
100 -2.8% (1023 K) 

58.8 0.70% (1023 K) 1.7'70 (973 K) 

52 7.5% (973K) 
52 0.420/0 (973K) 6.00/0 (823 K) 
40 0.23% (1023 K) 
34 24.80/0 (923K) 27. 1 '}'o (1023 K) 
18.5 13.4% (l023K) 
0 0.21% (1126K) -2.8% (1042 K) 
0 0.0'}'o (l170K) -0.33% (1137 K) 
0 0.08% (lI50 K) -0.5970 (1l24 K) 
0 -1.65% (1073 K) 
0 4.00/0 (l073K) 7.6% (1l23K) 
0 - 0.40% (1123 K) -1.2% (l073K) 

"Data from reterence lll~J. 

Comments: Huber et a!. [30J claim an accuracy of 0.50/0 in their 
bridge measurements when calibrated against standard resistor, and 
report that routine accuracy was about 170. 

The conductivity cell used in reference [96] was constructed ir. 
such a way as to reduce errors arising from electrical conductance 
through the quartz walls of the vessel. Resistance measurements in 
the frequency range 3000 to 15,000 cps varied by about 1-1.50/0. 

Comments concerning reference [109J are given under the CaCl,· 
KCl system. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 



T 100.0 84.0 

830 

I 
840 
850 
860 
870 
880 
890 
900 
910 

I 920 
930 i [1.035] 
940 [1.054] 
950 [1.073] 
960 [1.092] 
970 [1.112] 
980 [1.007] [Ll3I] 
990 [1.026] [1.151] 

1000 [1.045] [J .172] 
1010 [1.065] [1.192] 
102U [1.UI:l4j [1.2J2] 

Mol o/c MSCU 

18.5 
22.0 
24.5 
31.3 
34.0 
37.0 
39.9 
4,5.5 
48.8 
52.0 
58.8 
72.1 

84.0 
100.0 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLI:; 403. conductance' (ohm- 1 cm- 1 ) 

Mol percent MgCI. 

72.1 58.8 52.0 48.8 45.5 39.9 37.0 34.0 

0.885 0.856 0.889 0.890 0.871 0.866 0.862 
0.907 0.883 0.910 0.912 0.894 0.890 0.887 
0.929 0.910 0.932 0.934 0.917 0.914 0.9Il 
0.951 0.937 0.954 0.956 0.940 0.938 0.935 
0.973 0.964 0.975 0.977 0.963 0.962 0.959 

0.981 0.995 0.990 0.997 0.999 0.986 0.986 0.984 
1.001 1.017 1.015 1.019 1021 1009 1.010 1.00S 
1.021 1.039 1.04·0 1.040 1.043 1.032 1.034 1.032 
1.041 . 1.061 1.065 1.062 1.065 l.05S 1.058 1.057 
1.062 1.082 
1.082 1.104 
1.103 1.126 
1.123 1.148 
1.144 1.169 
1.164 1.191 
1.185 1.213 
1.206 1.234 
1.226 1.256 
1.247 1.278 
1.268 1.299 

" 
-7.6274 
-5.2200 
-3.2951 
-1.;)943 
-1.0872 
-1.1279 
-0.8689 
-0.9227 
-0.9039 
-2.9434 
-1.0490 
. ·0.5571 

[0.1479] 
[-0.8745] 

1.089 L083 1.087 1.079 
1.113 1.105 1.109 1.102 
1.137 1.127 1.130 1.125 
1.160 1.148 1.152 1.149 
1.182 1.170 1.174 1.172 
1.204 1.191 1.196 1.196 
1.226 1.213 1.218 1.219 
1.247 1.235 1.240 1.243 
1.268 1.256 1.261 1.266 
1.288 1.278 1.283 1.290 
1.308 1.299 1.305 1.314 

Temperature·dependent equations 
K=a+ bT+cP 

U· 10' 

15.9584 
10.9753 
6.9439 
2.9933 
2.2795 
2.4020 
1.9071 
2.1840 
2.1600 
6.3630 
2.4504 
1.4860 

[0.0236] 
[1.9200] 

1.082 1.081 
l.l06 1.105 
1.130 1.130 
1.154 1.154 
1.178 1.178 
1.202 1.203 
1.226 1.227 
1.250 1.252 
1.274 1.276 
1.298 1.301 
1..322 i 1.325 

c· 10' 

-6.9587 
-4.4169 
-2.3255 
-0.3181 

0.0837 
0 
0.2279 
0 
0 

-2.1518 
-0.1454 

0.2974 
[1.0000] 
0 

These values are based on the work of Sakai and HayashI (claSSIcal ac technique) [1l7]. 
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31.8 24.5 22.0 ]8.5 

0.871 0.866 0.847 
0.896 0.B97 0.883 
0.920 0.927 0.918 

I 
0.9'k5 0.957 0.952 i 
0,969 0.986 0.985 
0.993 LOIS 1.018 I 1.027 
1.018 1.043 

I 
1.049 1.064 

1.042 1.071 1.080 1.099 
1.066 1.098 I 1.110 1.132 
1.090 1.125 [ 1.139 1.165 
1114 11!;1 11(,7 1.195 

1.1.38 1.177 1.194 1.225 
1.162 1.203 1.220 1.253 
1.186 1.228 1.246 1.280 
1.210 1.252 1.270 1.305 
1.234 1.276 1.294 1.329 
1.257 1.300 1.317 1.351 
1.281 1.323 1.338 1,.372 
1.304 1.346 1.359 1.392 
1.328 1.368 1.380 1.410 

Stand. error of est. 

0.04% 
0.08% 
0.58% 
0.10% 
0.04'70 
0.05% 
0.140/0 
0.48% 
0.21 % 
0.70% 
0.06% 
U.U7% 
0.00% 
0.00% 
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Ref. 

30 

TABLE 404. Density studies: KCl·J\1gCL 

Investiga tions critically re·exal1li ned 

MgC, 
Mol % 

0-100 

Temp. runge 
(T) 

973-1193 

Comments 

Cell material: solid and hollow 
fused silica balls (containing 
tungsten powder) ; calibration: 
water 

39 19.15-70.31 773-1023 Cell material: Pt sphere 

62 D-IDO 823-1073 Cell material: quam hob, 
Supremax glass tube 

102 0-100 (g) 973 Cell material: Supremax glass 
dilatOl1leter; calibration: 
tuLcl,;UC JHiALu1t~ of KCI d.ud 

130 

133 

145 

150 

153 

211, 
267 

Ref. 

30 
62 

130 
133 
150 

30 
62 

150 
150 
62 
62 
62 
30 
62 

145 
150 
30 
62 

130 
133 
145 
150 

I 

I 

0-100 

a-lOa" 

0-87.4 

0-100 

50 

0-100 

LiCl 

1017-1174 Cell material: Pt-l00/0Rh 
sinker and suspension wire; 
calibration: water 

973 Cell material and calibration: 
as for 130 

923-1073 i Cell material: Pt sphere; 
calibration: water 

1073 Celll1laterial: tungsten sinker 
and 1't ::.u~pen;:,ivn wilt:; 

calibration: CCI, and water 

845-1053 Cell material: Pt bob, Pt 
crucible 

810-1333 

Comparisons with NSRDS recommendations: 
[I. pp. 5, 6 and this volume] 

MgCl2 Min. departure 
! 

Max. departure 1\101% 

LOa 0.49')10 (1140 K) 0.80% (1160 K) 
100 0.18')10 (998K) -0.30% (l073 K) 
1,00 0.30% 0017 K) 0.50% 0099 K) 
IDO 0.50% (l073 K) 
HlO 0.85% (l073 K) 
1100 0.12')10 (1073 K) 0.18% (1048 K) 
1,00 -0.78% (1073 K) 
LOO 0.24% (l073 K) 
53.5 -0.82% (l073 K) 
49.7 -1.0% (l073 K) 
42.2 -1.3% (l073K) 
25.0 -0.73% (1073 K) 

0 -0.86% (1073 K) 
0 -1.4% (l073 K) 
0 -2.0% (l073 K) 
0 -0.07% 0073K) 
0 -0.49')10 (1198 K) -0.55% (ll56K) 
u -1.1 '10 (1073K) 
0 0.20% (ll23K) 0.33'70 (1073 K) 
a 0.33% 0073 K) 
0 -1.6% (1023 K) -1.70/0 (l073 K) 
0 0.26% (1073 K) 

"Graphical except for pure components. 
Comments: A brief discussion of some pertinent experimental 

aspects in references [130] and [133] is given under the system Liel· 
MgCl2. 

J. Phys. Chern. Ref. D(lto, Vol. 4, No.4, 1975 

Karpachev and Stromberg [39] analyzed their mixtures after 
aensity measurements and found water and MgO contents in the 
range 0.1-4.24 wt 10 and 0.13-0.54 wt %, respectively. 

Redding [150] corrected for the effect of surface tension of the 
melt on the weight of the platinum sinker and attempted to avoid 
salt condensation on the suspension wire by passing AT through a 
guide tube surrounding the Pt wire. The Ar gas was purified by 
passing it through a bed of Ti sponge maintained at 1400 OF. 
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ThBLE 405. KCI.MgCb: Density (g em-a) 

Mol percent ~gCl" 

T 100.0 90.0 77.4 67.5 66.3 61.7 53.5 50.3 42.2 32.8 25.0 12.0 6.6 0.0 

1020 1.674 I 

1030 1.671 i 1.567 1.530 
1040 1.660 1.::;62 1.:::;2:::; 
1050 1.666 1.625 1.556 1.521 1.520 1.525 
1060 1.663 1.667 1.652 1.621 1.620 1.603 1.S85 1.550 1.516 1.515 1.519 
1070 1.660 1.663 1.647 1.615 1.615 1.597 1.580 1.545 1.512 1.510 1.513 
1080 1.659 1.65!) 1.61.2 1.60!) 1.60!) 1.592 1.574 i 1.557 1.539 1.607 1.504 1.501 1.507 1.511 
1090 1.655 1.655 1.636 1.603 1.604 1.586 1.568 1.552 1.534 1.503 1.499 1.495 1.502 1.505 
llOO 1.651 1.631 1.597 1.599 1.580 1.562 1.547 1.528 1.498 1.494 1.489 l.496 1.499 
mo 1.647 1.625 1.591 1.594 1.575 1.557 1.542 1.523 1.493 1.488 1.483 1.490 1.492 
1120 1.620 1.585 1.589 1.569 1.551 1.537 1.517 1.499 V1S3 1.477 1.181 1.186 
1130 1.615 1.579 1.564 1.545 1.532 1.512 1.484 1.471 1.478 
1140 1.573 1.558 1.527 1.506 1.480 1.465 1.472 
1150 1.561 1.522 

) 

1.415 

1160 i 1.561 1.516 
1170 1.511 

Temperature·dependent equations 
p-a+ bT -

Mol 'l'o MgCh a b • 10" Stand. error of est. 

0.0 2.1819 -6.2126 0.01% 
6.6 2.1380 -5.8395 0,04% 

12.0 2.1561 -6.0618 0.04% 
25.0 2.0796 -5.3272 0.02.% 
32.8 2.0007 -4.5109 0.03% 
42.2 2.1387 -5.5501 0.02% 
50.3 2.0998 -5.0287 0.05% 
53.5 2.1900 -5.7054 ,0.05% 
61.7 2.1923 -5.5627 0.01% 
66.3 2.1587 -5.0863 0.04% 
67.5 2.2582 -6.0077 0.02% 
77.4 2.2238 -5.3922 0.01% 
90.0 2.0844 -3.9367 0.01% 

100.0 1.9497 -2.7050 0.03% 

These values are based on the work of Lillebuen (Archimedean method) [130]. 

T""Lt; 4OG. Viscosity stUdles: Kr:J."-'!gr:J. 

T 
critically re·examined 

Ref. MgCl2 Temp. range 
Comments \101 % (T) 

39 11.19-56.60 773-1023 Cell material: Pt sphere; 
calibration: molten KNO" 
PbCI2, K2Cr.O, 

41 8.00 1002-1125 Cell material: Pt ball 

45 25-58 (g) 823-923 

66 0-100 891-1189 Cell material: Pt ball; 
calibration: water, nitroben. 
zene, aniline, molten Nal'\Oa 
andKCI 

207 lU9-56.60 773-1023 Cell material and calibration: 
as for 39 

216 0-100 (g) 1073 

22b 0-100 914-1205 

Ref. 

66 
39 

207 
226 
226 
226 

studies: 

Cornpa.ris(Jn with NSRDS recommendations: 
[1, p. 5 and this volume] 

MgCL 
Min. departure Max. departure :vt"ol % 

0 1.0% (1l13 K) 11.4% (1151 K) 
34.4 -4.8% (92SK) 
34.4 -4.070 (923K) 

0 9.2% (1129 K) 13.1% (1l50K) 
100 129.1 % (1125 K) 

49.02 77.80/0 (1125 K) 118.1% (1040K) 

Comment: Bondarenko [66] reported a precision of ±3% in the 
viscosity of salt mixtures in the temperature range 700-900 DC. 
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T 

900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
]040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
H20 
1130 
11'10 
1150 
1160 
1170 
1100 

100 

2.15 
2.09 
2.04 
1.98 
B3 
1.89 
1.84 

. 1.79 
1.75 
1.71 
1.67 
1.63 
1.60 
1.56 

Mol % MgCl. 

0 
8.0 

16.4 
25.1 
32.4 
34.3 
43.9 
49.9 
54.0 

100 

54.0 

1.40 
1.37 
1.35 
1.32 
1.29 
1.27 
1.24 
1.22 
1.20 
1.18 

a 

22,74,30 
8.0231 

9,3463 
12.0513 

[94.1729] 

; 

49.9 

[1.361 
[1.33J 
[1.29] 
[1.26] 
[1.24] 
[1.22] 

-[1.20] 
[Ll8] 
[u6J 
.[1.14] 
[1.12] 
[1.11) 
l1.01)] 
[1.07] 
[1.05J 
[1.03] 
[1.011 
[0.98] 

b • 1O~ 

-2.8083 
0.6130 

-2.2533 
-2.0180 

[-25.5548] 

JANZ ET Al. 

TABLE: 407. KC]·l\fgC]': Vi"c0~ity (cp) 

I 

43.9 

1.65 
HIO 
1.55 
1.50 
1.45 
1.41 
1.36 
1.32 
1.29 
1.25 
1.22 
1.18 
1.15 
1.12 
1.09 
l.07 

liTo] 9C MgCl, 

34.3 

1.53 
1.49 
1.46 
1.42 
1.38 
1.35 
1.32 
1.28 
1.25 
1.23 
1.20 
1.17 
1.15 
1..2 
1.10 
1.08 
1.06 
1.04 
1.03 

:32.4 

1.70 
1.67 
1.64 
1.61 
1.58 
1.54 
l.51 
1.48 
1.44 
1.40 
1.36 
1..32 
1.28 
1.24 

Tempera ture.dependent equations 
'7 = a + bT + CT2 + drs 

'TJ - A • exp (E/RTl -
c· 10" d • 10° 

-0.1331 8.0324 
0.6621' 5.2014 

2.5006 -10.4550 
1.0689 -1.3348 

[23.5470] [-72.8022] 

These values are based on the work of Bondarenko (oscillating sphere method) [66;. 
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I 

25.1 

l,4.8 
1.44 
1.40 
1.36 
1.33 
1.30 
1.26 
1.23 
1.20 
1.18 
US 
1.12 
1.10 
1.08 
].05 
1.03 
].01 
0.99 
0.97 

A'102 

5.315 

11.894 

7.757 

17.399 
13.173 

16.4 

1.31 
1.28 
1.24 
1.21 
1.18 
1.15 
1.D: 
1.09 
1.07 
1.04 
1.02 
1.01 
0.99 
0.97 
0.96 

0.95 

E (cal mol- 1 ) 

6522 

4508 

5469 

4025 
5605 

8.0 0 

1.18 
1.13 
1.09 
1.05 
1.01 1.14 
0.98 1.11 
0.95 1.08 
0.93 1.0S 

0.92 1.02 
0.91 1.00 
0.90 0.97 
0.90 0,95 

0.90 0,92 
0.91 0.90 
0.93 0,88 
0.95 OR!; 

Stand. error of est 

5.750/0 
2.81 % 
12!;<;'/n 

3.570/0 
2.06% 
0.38% 
2.4i% 

4.36% 
1..33% 



T 100 90 

9S0 70.6 
990 70.4 

1000 66.7 70.2 
1010 66:6 70.0 
Hl90 66.5 69.8 
1030 66.4 69.6 
1040 66.3 69.4 
1050 66.2 69.2 
1060 66.1 68.9 
1070 66.0 68.7 
lOBO 65.9 68.5 
1090 65.8 68.3 
noo 65.7 68.1 
1110 65.6 67.9 

PROPERTIES OF CHLORIDES AND MIXTURES 

Ref. 

241 

245 

246 

253 

226 

Ref. 

241 
253 
241 
253 
253 
241 
253 
253 
241 
241 

245 
253 

TABLE 408. Surface tension studies: KCI·MgCI, 

Investigations critically re·examined 

MgCb Temp. range Comments Mol % (T) 

0-100 1023-1198 Cell material: Pt-10%Rh 
capillary and graphite 
crucible; calibration: diameter 
of capillary measured with 
microscope 

0-100 973-1223 Cell material: Pt capillary and 
quartz beaker containing melt; 
calibration: diameter of 
""I'H)'uy 11J""~ult,,l whh 
microscope, water, alcohol 

0-90.3 (g) 998-1098 

0-100 1002-1169 Cell material: density sinker 
and rod for surface tension 
measurements was made from 
Pt-10%Rh alloy; calibration: 
:rncaauTcrncnt~ on pure ,anita 

0-100 820-1283 

Comparison with NSRDS r~commendatlOn; 
1(7, PI'· !;R, 59 .onrl th;o vnll1mp 1 

MgCI. Min. departure Max. departure Mol 0/0 

100 7.9% (ll93K) 9;0% (1033K) 
100 -5.9';10 (8UOK) -6.7% (729K) 

90 13.3% (1173K) 14.20/0 (1023 K) 
80 -1.5% (1065 K) -2.0% (1123K) 
60 0.530/0 (1063 K) 2.2% (ll29K) 
50 3.2% (ll73K) 5.5% (1023K) 
40 -0.25% (l033 K) -2.1% (ll42K) 
30 0.850/0 (1059 K) -0.89% (1125 K) 
10 4.7% (1l73K) 7.6% (1023K) 
0 2.3% (1073K) 
0 -2.5% (l223K) -2.6% (1073 K) 
0 -1.7% (l089K) -1.8% (l1l2K) 

Comment: Desynatnikov [245] reported that his surface tension 
measurements were reproducible to an accuracy of 0.8%. Results on 
the pure salts agreed with literature values obtained by other 
methods. Values for pure MgCb were those recommended in 
NSRDS-NBS-28 [2]. 

Lillebuen [253] reports a reproducibility for surface tension 
measurements of ±1%. 

TABLE 409. KC1MgCL, Surface tension (dyn cm-1) 

Mol % MgC], 

80 70 60 50 40 30 

74.2 77.2 79.1 80.9 82.1 80.0 
74.0 76.8 78.7 80.4 81.7 85.5 
73.7 76.5 78.3 80.0 81.3 85.0 
73.4 76.2 77.9 79.6 80.9 84.5 
73.2 75.S 77.5 79.1 80.5 84.0 
72.9 75.5 77.2 78.7 80.2 83.6 
72.6 75.2 76.8 78.3 79.8 83.1 
72.4 74.9 76.4 77.9 79.4 82.6 
79.1 74.5 76.0 77.1 79.0 S2.1 
71.8 74.2 75.6 no 78.6 81.6 
71.5 73.9 75.3 76.6 78.3 81.2 
71.3 73.5 74.9 76.1 77.9 80.7 
71.0 73.2 74.S 75.7 

I 
77.". 20.? 

70.7 72.9 74.1 75.3 77.1 79.7 

1057 

20 ·10 0 

908 

90.3 
89.7 
89.1 
88.5 93.1 
88.0 92.4 
87.4 91.8 
86.8 I 91.1 
S6.2 I 90A 
85.6 89.8 
85.1 89.1 95.80 
84.5 88.5 ·95.05 
23.9 87.2 94.30 
83.3 87.1 93.55 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 



1058 

T 
Il20 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 --_.-

100 90 

05.5 67.7 
65.4 67.5 
65.3 67.3 
65.2 67.1 
65.1 66.8 
65.0 66.6 
64.9 

Mol % MgC], 

o 
10 
20 
30 
40 
50 
60 
70 
.80 
90 

100 

JANZ ET At. 

TABLE 4,09. KC1-l\lgCJ,: Surface tension (dyn c~ -1) -Contir.ued 

80 70 

70.5 72.5 
70.2 72.2 
69.9 71.9 
69.7 71.6 
69.4 712 
69.1 70.9 

I 

i 60 50 40 

73.7 74.8 76.7 
73.4 74.4 76.4 
73,0 74.0 76.0 
72,6 73.6 75.6 
72,2 73.1 75,2 
71.8 72.7 74,8 

I 

Temperature·dependent equations 
'Y=a..t.bT 

a 

176.8 
16D.4 
147.7 
133.0 
119.3 
123.0 
116.3 
109.5 
100.7 
9},2 
76.7 

30 

79.2 
78.8 
78.3 
77.8 
77.3 
76.8 

20 10 0 

82.7 86.5 92,80 
82.2 85.8 92,05 
81.6 85.2 91.30 
81.0 84.5 I 90.55 
80.4 83.8 89.80 
79.8 83.2 I 89.05 

I 88 . .30 
I 

87.55 
86.80 
86.05 
85.::\0 

-7.5 
-6.6 
-5.8 
-4,.8 
-3.8 
-4.3 
-3.8 
-3.3 
-2.7 
-2.1 
-1.0 

These values are based on the work of Desyatnikov (maximum bubble pressure method) r2451. 

KCI-MnCb 
800 

774 

KCI MnCIz. 

700 

u 
~ 650 

<ll ... 
::l 

600 '§ 
<ll 
a. 
E 

~J 
~ 

500 

400 
0 20 40 60 80 100 

MnCI2 KCI 

Mol % KCI 

FIGURE 70. Temperature-composition phase diagram for KCI-MnCI,. 

E. R Natslishuili and A. C. Bergman, Zhur. Obshchei. 
Khim., 9, 642 (1939). 
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Melt Preportltion Clnd Purification 

Murgulescu and Zuca [72] used pure salts without 
further purification. Analysis for manganese and chloride 
were performed using the volumellh; and Volhard methods 
respectively. The salts were stored in a desiccator over 
concentrated sulfuric acid. 

Ref. 

72 

TABLE 410. Electrical conductance studies: KCI·MnCl, 

Investigations cri tically re·examined 

MnCk Temp. range 
Mol % , (T) 

0-100 773-1123 

Comments 

Cell material: quartz vessel; Pt 
electrodes; freq. range: 1000-
7000 Hz; calibration: a.1M 
and l.OM KCl solutions 

Comment: Values for the conductance of pure MnC]' reported by 
Murgulescu and Zuca [72] were recommended ir. NSRDS-~BS-IS 
[1]. 



T 100 80 70 

780 
800 
820 
840 1.09 
860 1.15 
BBO 1.22 1.20 
900 1.27 1.25 
CJ2il I 1.39. 1.30 
940 1.504 I 1.37 1.35 
960 1.536 1.42 .1.40 
980 1.568 1.46 1.44 

1000 1.602 1.50 1.48 
1020 1.637 1.55 1.52 
1040 1.674 1.59 1.56 
1060 1.712 1.63 1.59 
1080 1.752 1.66 1.63 
noo 1.793 1.70 1.66 
1120 1.835 1.73 1.69 

Mol % MnCI, 

0 
20 
25 
30 
35 
45 
50 
55 
65 
70 i 
80 

I 100 
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TABLE 411. KCJ-;\1nCl,: Specific conductance (ohm-I em-I) 

65 I 
0.92 
0.98 
1.04 
1.09 
1.14 
1.20 
1.24 
1.29 
1.34 
1.38 
1.42 
1.46 
1.50 
1.54 
1.57 
1.61 
1.64 
1.67 

a 

[-0.3591] 
-1.2134 
-2.4456 
-2.2945 
-2.4924 
-2.5998 
-2.1120 
-2.0710 
-2.7158 
-3.0991 
-2.5122 

1.5853 

Mol percent MnCl. 

55 50 45 . 

0.94 0.87 0.82 
0.99 0.92 0.88 
1.03 0.97 0.93 
1.08 1.02 0.98 
1.13 1.07 1.03 
1.17 1.11 LOB 
1.21 1.16 1.13 
1.2; U~O 1.18 
1.30 1.24 1.22 
1.33 1.29 1.26 
1.37 1.32 1.30 
1.41 1.36 U4 
1.44 1.40 1.38 
1.47 1.44 1.42 
1.51 1.47 1.45 
1.54 1.50 1.48 
1.57 1.54 1.52 
1.59 1.57 1.55 

Temperature·dependent equations 
'" = a -I bT+cT2 

b'W 

[2.4200J 
2.6740 
5.7267 
5.4090 
5.7863 
5.9536 
5.0603 
5.1917 
6.3909 
7.1222 
5.8926 

-1.6987 

35 30 

0.86 0.89 
0.91 0.95 
0.97 1.00 
1.02 1.06 
1.07 1.11 
1.12 1.15 
1.17 1.20 
1.21 1.25 
1.26 .1.29 
1.30 1.34 
1.34 1.38 
UR u? 
1.42 1.46 
1.46 1.50 
1.49 1.54 
1.53 1.57 
1.56 1.61 
1.59 1.64 

c'lOc 

0 
0 

-1.8027 
-1.6923 
-1.9113 
-2.0113 
-1.5851 
-1.7136 
-2.2113 
-2.5406 
-1.8757 

1.7155 

1059 

25 20 {} 

1.09 
1.15 
1.20 
1.25 

. 1.30 
I 

1.34 i 1.30 
1.39 I 1.35 
1.44 1.41 
u.s 1.46 
1.52 1.51 
1.56 1.57 
1.60 1.62 
1.64 1.68 [2.254] 
1.67 1.73 [2.303] 
].71 1.78 [2.3511 

Siand. error of est. 

0.000/0 
1.38% 
0.390/0 
0.740/0 
0.540/0 
0.410/0 
0.39% 
0.330/0 
0.57% 
0.44% 
0.360/0 
0.050/0 

These values are based on the work of Murgu]escu and Zuca (classical ac technique) [72]. 

TABLE 412. Density studies: KC]·MnCI. 

Investigations critically re-examined 

Ref. MnCI. Temp. range Cell material Calibration Mol 0/0 (T) 

72 0---100 773-1123 Pt bob Water 

Deviations from previous NSRDS recommendations: n, p. 5] 

Ref. MnC), 
Min. departure Max. departure Mol 0/0 

72 0 0.07% (ll23K) 0.130/0 (1073 K) 

Comment: Density values for pure MnCI, reported by Murgulescu 
and Zuca [72J were those recommended in NSRDS-NBS-15 [1]. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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T 100 80 70 65 

780 2.206 
800 2.196 
820 2.185 
840 2.216 2.174 
860 2.206 2.164 
880 2.333 2.197 2.153 
900 2.320 2.188 2.143 
920 2.507 2.179 2.132 
940 2.346 2.295 2.169 2.122 
960 2.337 2.282 2.160 2.lll 
980 2.328 2.270 2.151 2.100 

1000 2.319 2.2:i7 2.142 2.090 
1020 2.311 2.245 2.132 2.079 
1040 2.302 2.232 2.123 2.069 
1060 2.293 2.220 2.114 2.058 
1080 2.284 2.207 2.105 2.048 
IlOO 2.276 2.195 2.095 2.037 
H2O 2.267 2.182 2.086 2.027 

Mol % MnC12 

0 
20 
25 
30 
35 
45 
50 
55 
65 
70 
80 

100 

JANZ ET Al. 

TABLE 413. KCI·MnClz: Density (g.cm- a) 

:vIol percent MnC]' 

55 50 i 45 35 

2.106 2.059 ! 2.009 1.939 
2.095 2.048 1.998 1.927 
2.084 2.037 1.987 1.914 
2.073 2.026 1.975 1.902 
2.061 2.015 1.964 1.889 
2.050 2.004 1.953 1.876 
2.039 1.993 1.942 1.864< 
2.027 1.982 1.931 1.851 

2.016 1.971 1.919 1.839 
2.005 1.960 1.908 1.826 
1.994 1.949 1.897 1.813 
1.982 1.938 1.886 1.801 

1.971 1.927 1.875 1.788 
1.960 1.916 1.863 1.776 
1.948 1.905 1.852 1.763 
1.937 1.894 1.841 1.750 
1.926 1.883 1.830 1.738 
1.915 1.872 1.819 1.725 

Temperature·dependent equations 
p=a+ b1' 

a b' 103 

[2.1988] [-0.6400] 
2.3111 -0.6560 

2.3542 -0.6414 
2.3727 -0.6136 
2.4305 -0.6298 
?4457 -0.5600 
2.4889 -0.5507 
2.5466 -0.5643 
2.6180 -0.5281 
2.6045 .-0.4629 
2.8831 -0.6257 
2.7574 -0.4380 

These values are based on the work of Murgulescu and Zuca (Archimedean method) [72J. 

J. PhYI. Chem. Ref. Data, Vol. 4, Nc. 4, 1975 

30 25 I 20 0 

1.894 
1.882 
1.870 
1.857 1.815 
1.845 1.803 
1.833 1.790 
1.820 1.777 
1.80B 1:Ib4 

1.796 1.751 1.725 
1.784 1.738 1.712 
1.771 1.726 1.699 
1.759 1.713 1.685 
1.747 1.700 1.672 
1.735 1.687 1.659 
1.722 1.674 1.646 
1.710 1.662 1.633 [1.508] 
1.698 1.649 1.620 [1.495] 
1.686 1.636 1.607 [1.482} 

Stand. error of est. 

0.02% 

0.18% 
0,070/0 
0.D4% 
0.17% 

0.11 0/0 
0.06% 
0.01% 
0.05% 
0.02% 
0.02% 
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FIClJRE 71. Temperature-composition phase diagram for KCI-NaCl. 

E. Scheil and H. Stadelmaien, Z. Metallkd., 43, 227 
(1952) . 

Melt Preparation and Purification 

Van Artsdalen and Yaffe's [37] procedure for salt 
purification is discussed under the KCl-LiCl system. 

Barzakovskii [24 J used "chemically pure" salts which 
were heated in a porcelain crucible under a dry atmosphere 
of HCI for 2-3 hours. 

Markova and Sherbakov [113] used "chemically pure" 
Mlts, recrys;tallizf'd twice from water and heated to a 
temperature of 500 °C for 1-2 hours_ 

Murgulescu and Zuca [53] dried Merck "reagent 
grade" salts by heating at 150°C followed by melting in 
an atmosphere of dry HCI. 

Reagent grade alkali metal halide salts used by Ellis 
[78, 143] were dried at 200 °C overnight_ Mixtures were 
prepared by combining the dry salts, in the proper molar 
ratio, and mixing them in a ball mill for about 16 hours. 

"ChemicaJ1y pure" salts were used by Maurit [95] 
and were dehydrated in a current of dry HCl gas. 

The preparation of pure NaC! and KCI by Sakai and 
Suzuki [127J is discussed under the system KCl-LiCl. 

Desynatnikov [245J used "chemically pure" salts which 
were dried by passing a stream of dry HCI gas through 
the melt for 6-8 hours and then bubbling CO2 for 20-30 
lllillUlt!S to displace the HeI. 

TABLE 1·1-1. Electric,,! conductance otudko, KCI-N"Cl 

Ref. 

5 

12 

21 

24 

37 

60 

65 

97' 

102 

113 

114 

127 

160' 

161 

192 

203 

208" I 

Investigations critically examined 

NaCI Temp. range 
Mol % (T) Comments 

0,50, 100 ~ 1073-1223 Cell material: porcelain tube; 
Pt eiectrodes; calihration: IN 
KC! solution 

D-]DD 

20,50, 
80,90 

0-100 

0-100 

0-100 (g) 

0-100 

0-100 

34-72 (g) 

Q-lDO 

0,20,50 
80,100 

50 (g) 

0-100 (gj 

80 fg) 

50 (g) 

-25-65 (g) 

1123 

933-1033 

Cell material: ,Wct? and 
quartz U-tube; Pt electrodes; 
calibration: IN KC! solution 

Cell material: quartz vessel or 
Pt crucihle for corrosive 
melts; Pt electrodes; ireq. 
range: -6000 Hz; calibration: 
sulfuric acid ~oJution, 3aturl!lted 

NaCl solution and molten 
KNO, 

1123 Cell material: quartz vessel; Pt 
electrodes; freq. range: 
-20-2000 Hz; calibration: 
KCI solutions 

9.Q6-1294 Cell rna teriu]: quartz dip type 

capillary cell; Pt electrodes; 
freq. range: 2000-20,000 Hz; 
calibration: 1 demal KCI 
solution 

1033-1153 Cell material: alumina V-tube; 
Pt electrodes; freq. range: 
-800 Hz; calibration: molten 
KC! 

936-1294 

973 

953-1093 Cell material: quartz vessel; Pt 
electrodes; calibration: sulfuric 
acid solutions 

1073-1173 Cell material: PI cylinder; Pt 
disc electrodes; calibration: 
molten KCl 

923-1023 Cell material: Vyeor glass; Pt 
disc electrodes; freq. range: 
1000 Hz 

1123 

]073--1173 

950-1090 

1023 

Cell material: quarlz vessel; 
1't ekcltuuco; calibration: 
molten KCl 

J. Phys. Chern. Ref. Dahl, Vol. 4, No.4, 1975 
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T 100.00 

940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 3.599 
1090 3.631 
1000 3.662 
llIO 3.693 
1120 3.724 
1130 3.754. 

i 
1140 3.783 
1150 3.813 
1160 3.8-12 
1170 3.870 
1180 3.898 
1190 3.926 
1200 3.953 
1210 3.980 
1220 4.006 
1230 4.032 
1240 4.058 
1250 4·.083 
1260 4.107 
1270 4:132 
1280 4.155 
1290 4.179 

I 

JANZ ET At. 

TABLE 414. Electrical conductance studies: KCl-KaCl-Continued 

Comparison with NSRDS recommendations: 
[1, pp. 4, 5 and this volume] . 

NaCl 
i 

Ref. Min. departure 
, 

),I[ax. departure 
11'101 % ! 

5 100 -4.7% (1223 K) -6.2% (1123 K) 
12 lUU -3.0% (1223K) -4.2% (1123 K) 

24 100 0.0% (1073 K) -3.4% (1273 K) 

65 100 -1.6% m13K) -2.10/0 U153K) 

113 100 1.90/0 (1123 K) 
114 100 -2.6'10 (1l75K) -4.3% (llZ3K) 

21 20.04 12.5% (l063 K) 16.4% (1088 K) 

65 20.04 0.41 '70 (1ll3 K) 
5 0 -2.2'70 (1073K) -2.5% (1123 K) 

12 0 2.770 (1173 K) :1.470 (1073 K) 

24 0 2.50/0 (1123 K) 

114 0 4.0% (l073K) 7.6% (1123 K) 
113 0 -1.6% (1073K) 

'Data in references [97] and [160] were from [37] and [12], 
respectively. 

"No' data reported. 
Comments: Van Artsdalcn and Yaffe [37J report experimental 

specific conductivity values as well as equations of the form: 
k = a + ilt + ct2 with standard deviations in the range 2 X 10- 3 

ohm- 1 cm- 1 (51.23 and 84.77 mol % NaCl) to G X 10-3 ohm- 1 

cm- 1 (l00 mol % NaCl). 

TABLE 415. KCl·NaCl: Specific conductance (ohm- 1 cm- 1) 

percent NaC] 

84.77 72.94 --T 65.15 51.23 41.00 

I 
2.231 

I 2.265 
2.290 2.162 

2.518 2.331 2.200 
2.552 2.363 2.237 
2.586 2.395 2.273 

2.736 2.620 2.426 2.309 
2.770 2.652 2.4057 2.343 
2.804 2.685 2.487 2.376 
2.837 2.717 2.517 2.408 

3.125 2.870 2.748 2.546 2.439 
3.154 2.901 2.779 2.575 ! 2.469 
3.184, 2.933 2.809 2.603 2.498 
3.214 2.963 2.839 2.630 2.526 
3.243 2.993 2.869 2.657 255." 
3.272 3.022 2.898 2.684 2.579 
3.300 3.051 2.926 2.710 2.604 
3.329 3.079 2.954 2.735 2.628 
3.357 3.106 2.981 2.760 2.651 
3.385 3.133 3.008 2.784 2.673 
3.412 3.158 3.035 2.808 2.694 
3.440 3.184 3.061 2.831 2.714, 
3.467 3.208 3.086 2.854 2.732 
3.494 3.232 3.111 2.876 2.750 
3.520 3.255 3.136 2.898 2.767 
3.547 3.278 I 3.159 
3.573 3.300 3.183 

3.206 

! 

I 

I 
J. Phys. Chern. R"f. Dala, Vol. 4, No.4, 1975 

20.40 0.00 

2.169 
2.196 
2.223 
2.250 
2.276 
2.302 2.197 
2.327 2.225 
2:-l5~ ~~52 

2.377 2.279 
2.401 2 . .304 
2.424 2.329 
2.447 2.353 
2.470 2.376 
2.492 2.398 
2.514 2.420 
2.535 2.440 
2.556 2.460 
2.576 2.479 
2.596 2.497 
2.615 



Mol % NaCI 
: 

0.00 
20.40 
41.00 
51.23 
65.15 
72.94 
84.77 

100.00 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 415. KO·NaCI: Specific conductance (ohm- 1 em-i)-Continued 

a 

-5.5231 
-2.9567 
-6.3093 
-3.3119 
-3.1690 
-4.066ll 

-1.3797 
-2.3356 

Temperature·dependent equations 
,,= a -l- bT+ cP 

b. 102 

1.1714 
0.7368 
1.3765 
0.8380 
0.8265 
1.0120 

i 
0.5656 
0.7783 

C. 105 

-0.4180 
-0.2270 
-0.5147 
-0.2641 
-0.2477 
-0.3317 

-0.1274 
-0.2118 

1063 

Stand. error of cst. 

0.19% 
0.29% 
0.22% 
0.40% 
0.19% 
0.50'10 
0.24% 
0.22% 

These values are based on the work of Van Artsdalen and Yaffe (classIcal ac techmque) [37]. 

T 100 
I 

90 80 

960 I 

970 
980 

I 990 

TABLE 416. Density studies: KCI-NaO 

Investigation5 criticaJiy re-examined 

'Ref. NaCI Temp. range Comments Mol % (T) 

12 0-100 1123,1173 Cell material: Pt cylinder, Pt 
suspension wire 

24 0-100 1073,1173 

37 0-100 943-1300 Cell material: Pt bob, Pt-Rh 
suspension wire 

78 0-77.5 1059-J330 Cell material: Pt bob, Pt chain 

87 0-100 (g) 1073 Cell material: Pt sphere, Pt 
suspension wire; calibration: 
water 

fl9 0-100' 1073,1173 Cell material: Pt sphere 

95 0,13.7,100' 1048-1213 I Cell material: Pt hollow 
cylinder, Pt suspension wire; 
Galibration: water 

21;; 0-100 (g) 1063 

267, 0-100 930-1130 
211 

328 30-60 (g) 1073 

Deviations from previous NSRDS recommendations: [1, pp. 4,5] 

Ref. NaC] Min. departure Max. departure Mol ~b 

12 100 -1.10/0 (1l23K) l 
24 100 -0.33% (1173 K) -1.7% (l273K) 
89 JOO -2.90/0 (1080 K) -3.6% (1180 K) 
12 a -0.99% (1073 K) -1.2'70 (1l73K) 
24 0 -0.33'70 (1173 K) -1.7% (1273 K) 
89 a -0.130/0 (l080 K) -0.27% (1160 K) 

'Graphical except for pure components. 
Comnle-nt.: Van Art.da]en and Yaffe [37] report experimental 

density data together with linear temperature dependent equations 
with standard deviations in the range: 1 X 10 -4 g em -3 (51.23 
mol '70 NaCl) to 7 X 10- 3 g cm- 3 (100 mol ;10 NaC]). 

TABLE 417. KC]·NaCI: Density (g cm- 3 ) 

Mol percent NaCI 

70 60 50 40 30 I 20 

1.588 1.583 
1.587 1.582 1.578 1.574 
1.582 1.576 1.572 1.568 

1.582 i 1.576 1.571 1.566 1.563 l.560 

10 0 50 

1.588 
1.582 

I 1.576 

j 
1.571 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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Mol per"ent 

T i 1Cu 90 : 80 70 60 SCi 40 30 20 10 I C 50 

1000 1.576 J.SiO 1.565 1.560 1.557 
I 

1.554 1.565 
1010 1.571 1.565 1.559 1.555 1.551 1.549 1.559 
1020 1.572 1.56.:; 1.559 1.554. 1.5o±9 1.54·5 1.543 1.542 1.554, 

1030 1.566 1.560 1.554 1.5,18 1.543 1.S'W 1.537 1.536 1.54.8 
]040 1.56~ 1.554 1.548 1.542 1.538 1.534· 1.531 1.530 1.54.2-
1050 ~.555 1..549 1.542 1.537 1.532 1.528 1.526 1.524· I 1.537 
1060 1.550 1.54.3 1.537 :.531 1.526 1.522 1.520 L'>13 l.S19 Ui?,l 
1070 1.552- 1.544 1.537 1.5.31 1.525 1.520 1.517 , 1.5~4 1.513 1.513 1.525 
1080 1.55", 1.54·(j 1.539 1.532 1.525 l.520 1.515 1.511 l.508 1.507 1.507 1.520 
1090 1.548 1.541 ~.5.33 1.526 1.520 1.514 1.509 1.505 1.502 1.501 1.501 1.514 
1100 1.5~·3 l.fi35 :.528 1.52l 1.514- 1.508 1..503 1.499 l,4.97 1.495 1.495 1.508 
1110 1.537 1.530 1.522 1.515 :.509 1.503 1,498 1.494 1.491 1.489 1.489 1.503 
ll20 1.532 1.524, 1.517 1.510 1.503 1.197 1.4-92 1.488 1.485 1.484 1.484 1.497 
1130 1.526 1.519 1.511 1.50'b 1.<197 1.491 1.486 1.'182 

I 
1.479 1.478 1.478 1.491 

1140 1.521 1.513 1.506 1.498 1.<&92 1.4·86 1.481 1/~77 1.474, 1.472 1,4.72 1.486 
1150 1.515 1.508 1.500 1.49:3 1.'1·86 1.480 i.475 

, 
1.471 1.468 1.466 :.4066 1.480 

ll60 1.510 1.502 1.495 . 1.4,~7 1.'181. ~.475 1.469 1.465 1.462 1.461 lA-60 I 
1170 l.5(H 1.4-97 1.489 1.4.82 1..1075 1.~69 l.4·M lA·60 1.456 lA.55 1.455 I 
1180 1.499 1.491 104·83 I I 1.454 1.'1·51 1..11.9 1.449 
1190 ].493 1.'1·80 1.445 1.'!t1,3 ~.443 
1200 1.488 1.480 I 

1.439 1.<~38 1.437 
1220 1.4.7/ I 
1240 1.466 
1260 1..1·55 
1280 1.4-'1.4 
1300 1.433 

I I 

T' equation and stati"tical parameters 
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TABLE 418. KCI-NaCI: 

T 100 

945 
960 
975 
990 

1005 
1020 
1035 
1050 
1065 
1080 1.553 
1095 1.545 
IIlO 1.537 
1125 1.528 
1140 1.520 
1155 1.512 
1170 1.504 
1185 1.496 
1200 1.488 
1215 1.480 
1230 1.472 
1241> 1.404 

1260 1.455 
1275 1.447 
1290 1.439 

Mol % NaCI 

0 
20.75 
41.00 
51.23 
65.15 
72.94 
84.77 

100 

Mol percent NaCI 

84.77 72.94 65.15 51.23 41.00 

1.595 
1.586 1.582 
1.578 1.574 

1.584 1.582 1.569 1.565 
1.576 1.574 1.561 1.557 
1.567 1.565 1.552 1.548 
1.559 1.557 1.544 1.539 
1.550 1.548 1.535 1.531 

1.550 1.542 1.540 1.527 1.522 
1.542 1.534 1.532 1.518 1.513 
1.534 1.525 1.523 1.510 1.505 
1.525 1.517 1.515 1.501 1.496 
1.517 1.509 1.507 1.493 1.488 
1.509 1.500 1.498 1.484 1.479 
1.500 1.492 1.490 1.475 1.470 
1.492 1.483 1.482 1.467 1.462 
1.484 1.475 1.473 

Temperature-dependent equations 
p=a+ bT 

a b·IO' 

2.1376 -5.8445 
2.1377 -5.8127 
2.1342 -5.7477 
2.1314 -5.6793 
2.1338 -5.5749 
2.1374 -5.5900 
2.1400 -5.5381 
2.1365 -5.4052 

20.75 0 

1.554 
1.545 
1.536 
1.527 
1.519 1.515 
1.510 1.506 
1.501 1.498 
1.493 1.489 
1.484 1.480 
1.475 1.471 
1.466 1.463 
1.458 1.454 
1.449 1.445 
1.440 1.436 

Stand. 
error 
(If est. 

0.03% 
0.01% 
0.02% 
0.010/0 
0.01% 
0.02% 
0.020/0 
0.05% 

These values are based on the work of Van Artsdalen and Yaffe 
(Archimedean method) [37]. 

Ref. 

24 

29 

53 

66 

86" 

100' 

215" 

226 

Ref. 

24 
53 

86,100 
86,100 
86,100 
86,100 
86,100 
86,100 
86,100 

TABLE 419. studies: KCI·NaCl 

Investigations critically re·examined 

NaCl Temp. range Comments 
Mol 0/0 (T) 

0,50, 1073, 1173, 1273 
75,100 

0-100 (g) Il03,Il23,1173 Cell material: Ni sphere, Ni 
wire; calibration: water 
and molten NaCI 

0-100 998-1173 Cell material: Pt sphere, Pt 
suspension wire; calibra-
tion: water, nitrobenzene, 
aniline, molten NaNO. 
and KNO. 

0,29.8, 
56.0,79.3 988-1187 Cell material: Pt ball; 

calibration: water, nitro-
benzene, aniline, molten 
NaNO. and KNO. 

0-100 992-1118 Cell material: Pt disc, 
stainless steel suspension 
wire; Pt sample vessel; 
calibration: sulfuric acid 
solutions 

0-100 992-1119 Cell material, Pt disc, 

stainless steel suspension 
wire, Pt sample vessel; 
calibration: sulfuric acid 
.ol11liono :mrl moltt>n KCl 

0-100 992-1118 

0-100 930-1270 

Comparisons with NSRDS recommendations: 
[1, p. 4 and this volume] 

NaC! Min. departure Max. departure Mol 0/0 

100 0.3% (lI73K) 
100 -0.32% (1153 K) -1.8% (l093Kl 
100 -14.5% (1l02K) -17.1% (11l8K) 

84.8 -27.90/0 (1043 K} 
72.9 -26.00/0 (l037K) 
65.2 -20.0% (993K) 
51.2 -18.8% (l033K) 
41.0 -9.2% (993K} 
20.8 -9.60/0 (l063K) 

'References [86J, [100], and [215] contain the same experimental 
data. 
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~Iol percent ~aCl 

T 100 84.77 72.90 
I (,5.15 51.23 41.00 20.75 0 I 

1000 1.777 1.668 1.580 1.502 
1010 1.702 1.605 1.519 104,50 
1020 1.631 1.545 1.460 1.400 1.331 
1030 1.565 1.486 1.404 1.351 1.285 
1040 1.557 1.502 1.430 1.351 1.305 1.241 
1050 1.498 1.443 1.376 1.300 1.260 1.199 I 

1060 1.441 1.387 1.324 1.252 1.217 l.l58 I 1.154 

1070 1.387 1.335 1.274, 1.206 1.175 1.119 1.116 
1080 1.555 1.285 1.226 1.1()Z 1.106 1.082 1.080 

1090 1.285 1.238 1.181 1.121 1.098 1.047 1.046 

1100 1.307 1.239 1.194 1.139 1.083 1.062 1.014 1.014 

1110 1.258 1.195 1.152 1.098 1.047 1.028 0.983 0.984 
1120 1.211 1.1::;3 1.112 l.0(j0 1.014 0.996 0.954- 0.9::;7 

1130 1.167 1.114 1.074 1.024, 0.984 0.966 0.926 0.931 

114U 1.125 1.078 1.038 0.990 0.956 0.937 0.900 0.908 

1150 1.086 1.044 1.004 0.959 0.930 0.911 0.877 0.887 

1160 1.048 1.013 0.972 0.931 0.907 0.887 0.855 0.869 

1170 1.012 0.985 0.941 0.904 0.887 0.864 0.835 0.853 

Temperature·dependent equations 
'l] a + bT + CT2 + dT3 

'l] = A • exp (£/1-(1') 

Mol % Nae] 
I 

b. 102 C· lOG d· IOD A • 102 E Stand. error 
a (cal mol- 1 ) of est. 

0 1.7091 1.5846 -27.7213 11.58.'36 0.57% 
20.75 ! 14.1361 -1.9076 5.0784 1.2900 0.29% 
4,1.00 I 11.6454, -1.1612 - 1.9476 3.4160 0.55% 
51.2;{ I 18.3576 -2,5649 7.1721 1.6990 0.61% 

i 
65.15 I 16.2796 -2.0228 3.0276 2.5895 0.38% 
72.90 2.231 8699 0.60% 

84.77 15.2401 -1.4962 3.3789 4.9174 0.25% 
100 1.821 9341 0.470/0 

These values are based on the work of Murgulescu and Zuca (oscillating sphere method) [53]. 

TABLE 421. Surface tension studies: KCl·NaCI 

Investigations critically r"."~.minpd 

Ref. Nael Temp. range Comments Mol 0/0 (TJ 

243 0,50, 998-1183 
(j3,100 

245 0-100 1073-1223 Cdl material: Pt capillary and 
quartz beaker containing melt; 
calibration: diameter of 
capillary measured with micro-
scope, water, alcohol 

250 0-100 1073, '1173, 
1273 

254 0-100 970-1210 Cell material: 90%Pt·Rh 
capillary, melt in PI crucible; 
calibration: benzene 

257 40,60, 100 973-1182 Cell material: Pt capillary; 
calibration: radius 0: capi!lary 
obtained from measurements of 
jJU1~ mulLell LiCl, NaCl, 
and KCI 

143 50 995-1293 

226 0-100 990-1370 
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TABLE 421. Surface tension studies: KCl-NaCl-Continued 

Comparison with NSRDS TI',·.nmm"nnations [2. pp. 57. 58 and 
this volume] 

Ref. NaC! Min. departure Max. departure 
Mol % 

243 100 I 3.<1'10 (1083 K) 3.5'10 (1183 K) 

24·5 WO i 0.180/0 (1123 K) 0.580/0 (1223 K) 

250 H)O 0.190/0 (1173 K) 
254 H)O 

I 

2.3% (1175 K) 3.0% (1099 K) 

257 100 3.1% (1173 K) 3.8% (1103 K) 

254 60 3.4% (l098 K) 3.5% (l095 K) 

257 60 4.2% 0123 K) 5.10/0 (1023 K) 

243 50 3.5% (1073 K) 3.9% (1l73 K) 

143 50 3.3% ( 950 K) 4.2% ( 800 K) 

254 40 3.0% (1099K) 3.7'70 (l07l K) 

257 40 3.8% 0073 K) 4.2% (l023 K) 

243 0 0.81 % (l073 K) 1.2% (ll73K) 

24!> 0 -2_50/0 (1223 K) -2.6% non K) 

250 0 -2.7% oei73 K) 

Comment: Reference [243J contained only graphical data III the 
form of surface tension-composition isotherms at 800 QC for the 
nlixtun:::.:; lC:}JOllt;U. NuuJt:.rkal data giy~lJ. !.It;.u; Wd05 obtained through 

a private communication. Bertozzi reported a reproducibility of 
±O.50/0 for his surface tension measurements. 

Desynat!1ikov [245J reported a reproducibility of 0.8%. Results 
on the pure salts agreed with literature values obtained by other 
methods. Values for pure MgCI, were those recommended in [2J. 

Dahl and Duke [254] reported a total error in surface tension data 
for mixtures of less than ±1%. 



T 100 90 80 

980 114.0 
990 113.3 

1000 119.0 115.5 112.6 
1010 118.3 114.8 111.9 
1020 117.6 114.1 111.2 
1030 116.9 113.4 110.5 
1040 116.3 112.8 109.9 
1050 115.6 112.1 109.2 
1060 114.9 1ll.4 108.5 
1070 114.2 110.7 107.8 
1080 113.5 110.0 107.1 
1090 112.9 

I 109.3 106.4 
1100 112.2 , 108.6 105.7 , 
1110 111.5 [ 108.0 105.0 
1120 nO.8 

I 107.3 104.3 
1130 110.2 106.6 103.6 
1140 109.5 105.9 102.9 
1150 108.8 105.2 102.2 
1160 108.1 104.5 101.5 
1170 107.4 103.8 100.8 
Il80 106.8 

a b'10" C. 101 

186.76500 -6.7799.3 -3.41591 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 422. KCl·NaCI: Surface tension (dyn em-1 ) 

Mol percent NaCI 

70 60 50 40 30 

111.7 109.8 108.3 107.1 106.1 
111.0 109.1 107.6 106.4 105.3 
110.3 108.4 106.9 105.6 104.6 
109.6 107.7 106.1 104.9 103.9 
108.9 107.0 105.4 104.2 103.1 
108.2 106.3 104.7 103.5 102.4 
107.5 105.6 104.0 102.7 101.7 
106.8 104.8 103.3 102.0 100.9 
106.1 104.1 102.6 101.3 HlO.2 
105.4 103.4 101.8 ]00.5 99.5 
104.7 102.7 101.1 99.8 98.7 
104.0 102.0 100.4 99.1 98.0 
103.3 101.3 99.7 98.4 97.3 
102.6 100.6 99.0 97.6 96.5 
101.9 99.9 98.2 96.9 95.8 
101.2 99.1 97.5 95.2 95.0 
10Q.4 98.4 96.8 95.4 94.3 
99.7 97.7 96.1 94.7 93.6 
99.0 97.0 95.3 94.0 92.8 
98.3 96.3 94.6 93.2 92.0 

Two·dlmensional equatIOn and ~tatistical parameters 
'Y = a + bT + cC + dC" + eC3 + fTC2 + gCT2 

20 

105.2 
104.5 
103.7 
103.0 
102.3 
101.5 
100.8 
100.0 
99.3 
98.5 
97.8 
97.0 
96.3 
95.6 
94.8 
94.1 
93.3 
92.6 
91.8 
91.0 

d'10s e' 105 f'10B g' 108 

.3.42500 -1.28519 -3.15694 -.3.79717 

1067 

10 0 50 

107.6 
102.9 106.9 
102.2 106.1 
101.4 105.4 
100.7 104.7 
99.9 104.0 
99.2 103.3 
98.4 102.6 
97.7 101.8 
96.9 96.0 101.1 
96.2 95.2 1OD.4 
95.4 94.5 99.7 
94.6 93.7 99.0 
93.9 93.0 98.2 
93.1 92.2 97.5 
92.4 91.4 96.8 . 

91.6 90.6 96.1 
90.9 89.9 95 . .3 
90.1 89.1 94.6 

88.3 

Max. percent Siand. error 
departure of est. 

-0.46% 
(1170.0 K, 50 0.20% 
IIlul 70 Kel) 

These values are based on the work of Desyatnikoy (maximum bubble pressure method) [245]. C = mol % KCl. 

TABLE 423. KCI·NaCI: Surface tension 

Mol percent NaCl 

T loa 90 75 60 50 40 25 10 0 

980 116.9 112.6 109.8 108.7 106.7 ]05.5 104.6 
990 116.2 1ll.9 109.1 108.0 106.0 104.7 103.9 

1000 119.0 115.5 111.2 108.4 107.3 105 . .3 104.0 103.1 
1010 118.3 114.8 110.5 107.7 106.6 104.6 103.3 102.4 
1020 117.6 114.1 109.8 107.0 105.9 103.9 102.5 101.6 
1030 117.0 113.5 109.1 106.2 105.1 103.1 101.8 100.9 
1040 116.3 112.8 108.4 105.5 104.4 102.4 101.0 100.1 
1050 115.6 112.1 107.7 104.8 103.7 101.7 100.3 99.4 
1060 114.9 111.4 107.0 104.1 103.0 101.0 99.6 98.6 
1070 114.2 nO.7 106.3 103.4 102.3 100.3 98.8 97.9 
1080 113.6 lIO.l 105.6 102.6 101.5 99.5 98.1 97.1 95.8 

·1090 112.9 109.4 104.9 101.9 100.8 98.8 97.3 96.4 95.1 
noD 112.2 108.7 104.2 101.2 100.1 98.1 96.6 95.6 94.3 
1110 IlL5 108.U 103.5 100.5 99.4 97.4 95.9 94.9 93.6 
1120 110.8 107.3 102.8 99.8 98.7 96.7 95.1 94.1 92.8 
1130 1l0.2 106.7 102.1 99.0 97.9 95.9 94.4 93.4 92.1 
1140 109.5 106.0 lOlA 98.3 97.2 95.2 93.6 92.6 91.3 
1150 108.8 105.3 100.1 !ll.o Y·~.5 1)4.5 92.9 91.9 90.6 
1160 108.1 104.6 100.0 96.9 95.8 93.8 92.2 91.1 89.8 
1170 107.4 103.9 99.3 96.2 95.1 93.1 91.4 90.4 89.1 
1180 106.8 88.3 
1190 106.1 87.6 
1200 

i 

105.4 86.8 
1210 104.7 

I 86.1 
1220 104.0 85.3 

I 
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TABLE 4·23. KCI·NaCl: Surface tension (dyn cm- 1 )-Continued 

Tcmperatllre.depenacnt equations, 

'Y = a + bT 

Mol '/0 NaCI 

o 
10 
25 
40 

50 
60 
is 
90 

100 

a 

176.8 
178.1 
178.0 
177.:1 

179.3 
18D.4 
181.2 
18:3.5 

187.0 

b • 102 

-7.5 
-7.5 
-7.4 
-7.2 

-7.2 
-1.2 
-7.0 

6.8 

-6.8 

These values aIe based on the work of Desyatnikov (maximum bubble pressure method) [245]. 

KCI-NdCb TABLE 424. Electrical conductance studies: KCI·NdCls 

900 Investigations critically Ie·examined 

800 ,KCI-NdCI3 
745 

D 
0 L 
Q) <D 

.2 u 
500 Z u 0 "'~ "-

cS. + 0 (j) 
0.. 395 ........ L +K2Nd::::15 
E 400 <J 
Q) 345 

J -00 000 
K2Nd::::I5 - K3NdC1s 

300 I 

'" I 

U - ..!pI ...!!' 
"tl U u r u 

200 
z ~ "tl! "tl NdCi3+ K2Nd CI5 2+ z: ;;:;;., 

"" " ~I ~ 

I 

100 
0 20 40 60 80 100 

KCI NdCI3 

Mol % NdCI3 

FICl:RE 72. Temperature·composition phase diagram for KCI.NdCL. 

In·chzhu Sun and I. S. l'vIorozov, Russ. J. Inorg. Chem., 
U.S.S.H., 3, 1914 (]958). 

Melt Preparation and Purification 

Neodymium trichloride and the other lanthanide trio 
chlorides llsert hy Forlhmann "nfl Schneider [186, 190] 
were prepared by adding excess NH4CI to the rare earth 
oxide (purity >99.8%) at 280 °C for 12-15 hours. Excess 
NH.CI was sublimed under vacuum at 300-4,00 °C and the 
rare earth chloride was melted under an argon atmosphere. 
Analysis of the melts were performed using EDT A titrations 
for the rare earth metals. Differences between calculated 
and titrated values were less than 1 %. 

J. Phys, Chern, Ref. Data, Vol. 4, No.4, 1975 

Rd. NdC]' Temp. range Comments Mol % (T) 

186,190" 0-100 (g) 1073,1173" Cell material: quartz 
capillary cell; Pt elec· 
trodes; freq. range: 
100,000·250,000 Hz; 
calibration: molten 
NaC!, KCI, and esCI 

AForthmann et a!. [186, 190] initially filled their quartz con· 
ductance cells with NdCl, under AT flow; the pure LaC!. was 
melted and HCI gas was passed through the melt until the con· 
ductance Was constant. Composition. were ""ricd by "dding the 

solid alkali chloride. 
bData reported at 1073 K only in reference [186]. 

TABLE 425. KCI·NdC]': Molar conductance (ohm- 1 cm2 mol- 1 ) 

:\101 % KCI 1073 K 

0 73.3 
10 69.3 
20 66.8 
30 65.7 
40 65.0 
50 65.2 
60 66.0 
70 68.2 
80 74.5 
90 90.0 

100 110.0 

These values were interpolated to three significant figures from 
the graphical presentation of Forthmann and Schneider (classical 
ac technique) [186,190]. 
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800 

B 
~ 

~ 
.2 

600 I: 
<1l 
0. 
E 

t-'£ 

400 

KCI·PbCi2 

KGI-PbGI 2 

20 40 60 

Mol % KCI 

80 100 
KG: 

FIGURE 73. Temperature'composilion phase diagram for KCl·PhCL 

K. Treis, Neues 1ahrb. Mineral., Geo!., Palaontol., Beil. 
Band. 37, 766 (1914). 

Melt Preparation and Purification 

Tarasova [13] used salts of domestic production. Lead 
chloride w"~ TPcry~t"llhpd fr()m Wlltp! "nrl ~torp.rl in hla~k, 

opaque paper. The melting point of the pure PbC12 

was 500°C. 
Bloom and Heymann [25] and Boardman et al. [26] 

used analytical reagent salts which were checked by 
analysis. 

"Chemically pure" salts used by Lantratov and Moiseeva 
[ 43] were recrystallized from their hydrochloric acid 
solutions and dried in a stream of HCI. 

Easteal and Hodge [158] prepared PbCb from May and 
Baker Ltd. "Analar" Pb (N03 ) 2 and HCl, and was purified 
by crystallization from a dilute hydrochloric acid solution 
followed by filtration of the molten salt, under nitrogen, 
through a porous silica frit. Pure KCl Was precipitated 
from a cold saturated solution of the "Analar" salt with 

dry HCl. Mixtures were analyzed before and after each 
experiment by conversion of the samples to nitrates and 
titrating with sodium molybdate using Solochrome Red B 
as the indicator. 

Boardman et a1. [234J used salts that were either of 
A.R. purity or prepared from reagents of this purity and 
recrystallized. 

Dahl and Duke [238, 254] used "Baker Analyzed" 
reagent grade materials. Lead chloride was fused, crushed 
and stored in a drying oven at llO °C and KCI was dried 
and used without further purification. 

TABLE 426. Electrical conductance studies: KCl·PbCb 

Investigations critically re-examined 

Ref. PbCb Temp. range Comments Mol % (T) 

13 65-100 733-793 Cell material: Pyrex; Pt 
electrodes; calibration: molten 
Ca(NO.), 

25" O-lOOb 833-993 Cell material: Suprema x glass; 
Pt electrodes; freq. range: 
3000 Hz; calibration: 1.0 N 

! KCI solution and molten PbCI. 

43' 10-100 698-1073 Cell material: silica capillary 
cell, Pt electrode.; £rcq. 

range: 1000-3000 Hz; calibra· 
tion: 30% H,SO, solution, 
molten KNO" NaNOa, PbCJ. 
and KCI 

116 17.1-91.5 813-993 

118 50-80 (g) 733-793 

142d 0-100 (g) 993 

185' 20.1-100 693-1213 Cell material: U·shaped quartz 
capillary cell; Pt el ectrodes; 
11"Y. lange. 1000 II,,; calibra-

tion: 1.0 Demal KCl solution 

325 25-100 (g) 800-1000 

Compari.on with NSRDS reoommenda.tionc [1, p. 13 a.nd this 

volume] 

Ref. PbCb Min. departure Max. departure Mol % 

13 100 -1.40/0 (793K) 
25 100 0.0% (833K) -0.520/0 (873 K) 

185 HlO 0.06% (823 K) 0.22% (848 K) 
13 80 -13.4'70 (773K) 
25 80 -Ul'Jo (Y7:l K) 

25 ! 70 -0.86'70 (973 K) -1.2% (873K) 
13 i 67 -12.10/0 (773 K) ! 

116 : 41.6 -1.9% (973K) 
! 

Zb 18 -1.710 (1l73K) , 

<Bloom and Heymann [25] periodically checked the cell constant 
of their capillary conductance cell and found no appreciable change 
(less than 0.3,/0) even over long periods of con tinued use. 

"0% value~ were extrapolated. 
'Lantratoy and Moiseeva [43] claimed an accuracy of ±0.2-0.3% 

in their conductivity measurements. The values for pure PbCb were 
those recommended in NSRDS-:-IBS-15 [1]. 

dData from reference [251. 
'Easteal and Hodge [185] reported an overall accuracy in their 

conductance measurements of ±O.4%. 
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TABLE 427. KC]·PhC],: Specific conductance (ohm- 1 cm- I ) 

Mol percent Pbe]. -
T 100 90 85 81.93 80 77 67 60 50 41.67 30 25 20 15 10 

700 1.050 1.019 1.048 11.048 ! 0.977 0.908 ! 
720 1.143 LI08 1.132 ,U30 1.051 0.988 
740 1.234 1.195 1.214 1.210 1.123 1.066 0.998 
760 1.325 1.282 1.295 1.289 1.195 1.142 1.064 
780 1.454 I 1.464 1.414 1.367 1.375 1.366 1.266 

I 
1.216 1.129 1 1.080 1.058 1.095 1.125 

800 1.566 1.551 1.502 1.452 1.454 1.441 1.336 1.287 1.193 1.139 1.110 1.14·2 1.171 
I 

820 1.673 1.638 1.589 1.535 1.531 1.515 1.405 1.357 1.257 1.199 1.164 1.191 1.219 : 
840 1.774 1.725 1.675 1.617 ! 1.608 1.588 1.474 1.424 1.319 1.258 1.219 1.243 1.270 
860 1.870 1.812 1.759 1.697 I 1.683 1.659 1.541 1.489 1.381 1.318 1.276 1.296 1.324 
880 1.960 1.899 I 1.842 1.777 1.757 1.728 1.608 1.552 1.443 1.377 1.334 1.351 1.380 
900 2.045 1.9fl6 1.924- 1.855 1.829 1.796 1.674 1.613 1.503 1.437 1.393 1.407 1.438 
920 2.125 2.073 2.005 1.933 1.901 1.862 1.739 1.671 1.562 1.496 1.453 1.466 1.500 
940 2.085 2.009 1.971 1.927 1.803 1.728 1.621 1.556 l.515 1.527 1.563 
960 I 1.866 1.679 1.615 1.578 1.590 1.630 1.679 
980 1.674 1.643 1.654 1.728 1.829 

1000 1.777 1.877 
1020 

i 

1.826 1.925 
1040 

l 
1.875 i 1.973 

1060 1.924· I 2.021 
- - -- .- - -- _. 

Temperature·dependent equations 
K=a+ bT+ CT2 

Mol % Phf:l. n. b·103 
Stand. 

" • 10C prr()r 
of est. 

10 -0.5220 2.3994 0 0.89'70 
15 -0.6742 2.4507 0 1.56% 
20 1.3527 -2.8048 3.2223 0.46% 
25 0.7253 -1.3756 2.3707 0.43% 
30 0.0797 -0.0758 1.7052 0 . .39'70 
41.67 -1.2380 2.9718 0 0.19% 
50 -2.0076 4.8037 -1.00.35 0.29% 
60 -3.2334 7.7796 -2.6612 1.60% 
67 -2.1243 5.1692 -1.0544 0.55% 
77 -2.7663 6.7806 -1.9017 0.50% 
80 -2.6378 6.3218 -1.5092 0.620/0 
81.93 -2.8316 6.5241 -1.4624 0,49% 
85 -2.9686 6.8045 -1.5201 1.98'70 
90 -1.9349 4.3570 0 0.80% 

100 -7.1379 16.2944 -6.7679 0.53% 

These values are based on the work of Lantratov and Moiseeva (classical ac technique) [43]. 
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TABLE 428. Density stuclies: KCl·PhCl. 

Investigations critically re·examined 

Ref. PbC12 Temp. range Comments 
Mol % (T) 

9 16.7-100 773-1173 Cell material: Pt bob, Pt whe; 
calibration: water (17 °C) 

26" 47.4,63.8, 
I 

763-973 Cell material: silica clilatom· 
82.1,100 eter; calibration: molten AgNO, 

142" (}-100 993 

165 50 

193 20-100 873,973 

206 42.9-81.8 753 Cell material: Pt sphere, Pt 
wire 

325 20-100 (g) 973,1023 

Deviations from previous NSRDS recommendations: [1, p. 13J 

Ref. PbCl. Min. departure Max. departure 
I Mol % 

9 

I 

100 -0.73'7'0 (%0 K) -0.9070 (000 K) 

193 100 0.23% (873 K) 

"Density values in reference [26J for pure components were those 
recommended in NSRDS-NBS-15 [1]. 

A maximum error 01 ±U.b'lo was reported tor density results on 
mixtures. The volume of the dilatometers was checked after each 
experiment and no significant changes were found. 

"Data from reference [26]. 

T 

770 
780 
790 
800 
810 
820 
030 

840 
850 
860 
270 
880 
890 
900 
910 
920 
930 
940 
().~o 

960 
970 

TABLE 429. KCl·PbCl.: Density (g em-a) 

Mol percent PbClz 

100 82.1 l , 63.8 

4.927 
4.912 
4.897 
4.882 

i 
4.067 

I 4.852 4.340 
4.837 4.326 I 

4.822 4.312 3.762 
4.007 4.298 3.719 
4.792 4.283 3.736 
4.777 4.269 3.724 
4.762 4.255 3.711 
4.747 4.241 3.698 
4.732 4.227 3.685 
4.717 4.212 3.672 
4.702 4.198 3.660 
4l'iR7 d..1M .~.1'i47 

4.672 4.170 
4.657 4.156 

Temperature·dependent equations 
p a+ bT 

47.4 

3.399 
3.387 
3.376 
3.365 
3.353 
3.342 
3.331 

3.320 
3.308 
3.297 
3.2B6 

3.274 
3.263 
3.252 
3.240 
3.229 
3.218 
3.207 
~lQ!; 

Mol % PbCI. 

47.4 
63.8 
82.1 

100 

4.269 
4.863 
5.533 
6.112 

-1.13 
-1.28 
-1.42 
-1.50 

These values are based on the work of Boardman, et al. (dilato· 
metric method) [26]. 

Ref. 

36 
206 

TABLE 430. Viscosity studies: KCI.PbC]' 

Investigations critically re·examined 

PbCI. 
Mol % 

25.9-100 
42.9-81.6 

Temp. range 
(T) 

723-973 
753 

The glass viscometers used in reference {36] were calibrated using 
molten KNO,. Viscosity values for pure PbC]' were those recom· 
mended in NSRDS-NBS-15 

TABLE 431. KCI·PbCI.: Viscosity (cp) 

Mol percent PbC}, 

T 100.0 82.9 73.4 66.4 54.3 i 51.9 49.7 48.9 43.5 33.4 25.9 

730 5.27 4.74 4.42 4.30 4.35 4.20 4.36 
7(\.0 1.96 1..17 1.17 1.06 4.11 3.96 'tl2 
750 4.67 4.21 3.94 3.82 3.88 3.74 3.89 
760 4.40 3.98 3.73 3.60 3.66 3.54 3.67 
770 4.15 3.76 

i 
3.53 3.41 3.46 3.35 3.47 

780 4.44 3.91 3.56 3.35 3.23 3.27 3.17 3.29 3.26 
790 4.20 3.69 3.38 il.18 3.06 3.10 3.01 3.11 3.10 
800 3.98 3.43 3.21 3.03 2.91 2.93 2.87 2.95 2.94 
810 3.77 3.30 3.05 2.89 2.77 2.78 2.73 2.80 2.80 
820 3.58 3.12 2.90 2.75 2.63 2.64 2.60 2.66 2.66 
830 3.41 2.96 2.77 2.63 2.51 2.51 2.48 2.53 2.53 2.56 ; 

840 3.24· 2.81 2.64 2.51 2.39 2.39 2.37 2.41 2.41 2.4·6 

I 

850 3.09 

I 

2.67 2.52 2.40 2.29 2.27 2.27 

I 

2.29 2.30 2.36 
860 2.95 2.54 2.41 2.30 2.19 2.17 2.17 2.19 2.19 2.26 
870 2.82 2.43 , 2.31 2.20 2.09 2.08 2.03 2.10 2.09 2.17 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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T,\ilLE131. KC1·PhCL: Viscosity (cp) -Continued 

Mol percent PbCl, 

T 100.0 I 82.9 ! 73.4 I 66.4, I 54.3 I 51.9 49.7 I 48.9 
880 2.69 2.32 2.21 2.12 2.01 

I 
1.99 1.99 i 2.01 

890 2.58 2.23 I 2.12 2.03 1.93 1.91 1.92 1.93 
900 2.47 2.14 2.04 1.95 1.85 1.84 1.84 1.86 
910 2.37 2.06 1.96 1.88 1.78 I 1.77 1.77 1.80 
920 2.27 1.98 1.88 1.81 1.71 1.71 1.7C 1.74 
930 2.18 1.92 1.81 1.74 1.64 1.66 1.M I 1.68 
940 2.10 1.85 1.75 1.68 1.58 1.GI , 1.58 1.63 
950 2.02 1.80 1.68 1.62 1.53 1.56 1.53 i.58 
960 1.94 1.74, 1.63 i 1,57 1.47 1.52 

I 
1.47 1.54-

970 1.87 1.69 1.57 I 1.52 1.42 I 1.4-8 1,4,3 1.50 

Tpmpcr~tllrE.'w(lpI"(lnd{llnt eqnnt!on$ 

'1 ::::: a + bT + CT2 + dT' 
'1 A' exp (E/RT) 

I 
1I1d % P1Cl, a 

I 

b • lOZ c • 105 

I 
d·208 A • 102 

I 
25.9 4,.191 
33.4 25.8532 -4.6389 2.29·!:1 -1.0'!29 
13.5 '19.6217 HAI7;; 85.1M6 10.2230 
48.9 98.2580 -27.9981 27.2824, -89.7130 
4,9.7 5.321 
51.9 97.0965 -27.5332 26.672<1- -87.1132 
!>4.i 

! 
4. Q7<l 

66.4 5.837 
7M 5.4,24 
82,9 130.0077 -37.5111 I 36.9363 j -122.7078 

100.0 I 5.'<;'15 

Tlm,e ,ntnes are based on the work of Harrap und Heymann I,capillary method) [361. 

Ref. 

234,' 

TABLE 432. Surface tension studies: KC1·PbCl, 

Investigations critically re·examined 

PhCJ2 I Temp. range 
11101 % (T) 

0-100 (g) 773,873 

Comments 

Ce] material: capillary 
and salt contai:ling tube 
of BTH-C46 glass: 
calibration: wnter 

238~ 251·:1 ('3::'.77-100 760-099 Ccli lllute!;,,!; ['t-10% 

Rh capillary, melt can· 
tained in Pt crucible; 
calibration: benzene 

" Remarks concermng references ll::lq] and [:1,;11$ J wcre given under 
the system AgCl·KCl and LiCl·PbCI" respecth·eiy. 

J. I'hys. Chern. Ref. oafa, Vol. 4, No.4, i975 

43.5 33.4 I 25.9 

! 2.00 2.09 
1.91 2.01 
1.83 1.9.3 
1.76 1.85 
1.70 1.78 
1.64 1.72 1.76 
1.58 1.65 1.70 
1..53 1.60 1.63 
1.49 1.54 1.57 
1.46 I 1.49 1.51 

\ Stand. 
E (cal t1101- 1 j 01"2'or 

of est. 

69H 0.910/0 
0.31% 
0.79?{, 

1.35% 
6337 U\1% 

1.3170 
(,J.RJ O.Pi 9'0 
6278 0.70'70 
M8G 1.15% 

1.45'70 
6830 1.56% 
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TABLE 433. KCl·PbCI.: Surface tension (dyn em-l) 

T 100.00 

765 
770 
775 
780 
785 
790 
795 134.9 
AOO 134.3 
805 133.6 
810 133.0 
815 132.4 
820 131.8 
825 131.1 
830 130.5 
835 129.9 
840 129.3 
845 128.7 
850 
855 
860 
865 
870 
875 
880 
885 
890 
895 

Mol % PhC], 

31.77 
36.86 
48.85 
49.13 
61.12 
75.68 

100.00 

Mol percent PbCI. 

75.68 64.12 49.13 48.85 

115.9 
121.2 115.5 ll5.3 

117.4 115.0 ll4.8 
116.9 114.5 114.3 
11M 113.9 113.8 
115.9 113.4 113.2 
115.4 112.9 112.7 
114.9 112.4 112.2 

I 114.4 1ll.9 111.6 

I 113.9 111.4 111.1 
113.4 110.9 110.6 
ll!tO 110.4- 110.1 
112.5 109.5 
112.0 
111.5 
111.0 
nO.5 

I 
I , 
\ 
I 

I 
Temperature.dependent equations 

'Y = a + bT 

a b·lOz 

169.9381 - 7.3489 
180.9981 - 8.5499 
196.6602 -10.5613 
193.1133 -10.0855 
193.7322 - 9.2527 
201.4260 -10.4167 
233.6772 -12.4284 

36.86 i 31.77 

I 
I 
I 

110.0 
109.6 
109.2 
108.8 
108.3. 
107.9 
107.5 
107.0 
106.6 106.0 

105.6 
105.3 
104.9 
104.5 
104.2 

Stand. error 
of est. 

0.12% 
0.35% 
0.37% 
0.280/0 
0.00% 
0.01% 
0.49% 

These values are based on the work of Dahl and Duke (maxImum 
bubble pressure method) [238, 254]. 

300L-----~--~~--~~----~----~ 

o 20 

KCI 
40 60 

Mol 0/" PrCI 3 

80 100 

PrCI3 

FIGURE 74·. Temperature·composilion phase diagram jor KCl.PrCI •. \ 

Z. N. Shentova, E. N. Karzina, and B. G. Korshunov, 
Uu"". J. Inuqj,. Cite",., 7, 1348 (19(;2) •. 

Melt Preparation and Purification 

Praseodymium trichloride was prepared and analyzed 
as discussed under the system KCl.NdCla. 

TABLE 434. EI~ctrical conductance studies: KCl·PrCl, 

critically re-examined 

Rd. PrCl, I Temp. range 
Mol % I (T) 

Comments 

190' 0-100 (g) , 1073 Cell material: quartz capillary 
cell: Pt electrodes: freq. rangp.: 
100,000-250,000 Hz; calibra· 
tion: molten esCI, KCl, NaCl 

'Equivalent conductivities were reported. 
Comment: Experimental details are briefly discussed under the 

system KCI-NdCla. 

.J. Phys. Chem. Ref. Dalo,Vol. 4,No. 4,1975 
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TAllLE 435. KCI·PrC]': YIolar conductance (ohm- 1 cm2 mo]-l) 

Mol % KCi 1073 K .Mol % KCl 1073K 

0 77.3 60 67.3 
10 73.4 70 68.0 

20 70.7 80 75.5 

30 68.7 90 92.6' 

40 67.9 100 112.0· 

50 67.3 

'Extrapolated values. 
These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical ae 

,@chniql1@). [190]. 

KCI·RbCI 

u KCI-RbCI 

~ 800 
.v 
"-
:::J -o .... 

77 
/ 

'" 
~ ~7~3~0~ ____ ----
E 
~ 700 solid solution 

o 
RbCI Mol % I<CI 

FIGURE 75. Temperature.composltion phase diagram for KC]·RbCl. 

O. S. Dambroyskaya, Zh. Obshch. Khim., 3 [8], 1022 
(1922) . 

Melt Preparation and Purification 

Salts used in reference [98] ,vere Merck p.a. reagents 
and were purified by the procedure described under the 
system CsCI-LiCl. 

TABLE 436. Electrical conductance studies: KCI·RbCl 

Investigations critically fe·examined 

Ref. RbCl Temp. range Comments Mol % (T) 

98 0,25,50, 1013-1233 Cell material: quartz or silica 
75,100 glass capillary cell; Pt elec· 

trodes; freq. range: 1000-7000 
Hz; calibration: 0.111.1 and 
1.OM KCI solutions 

Devlations from previous NSRDS recommendations: [1, p. 5, 6J 

Ref. RbCl Min. departure Max. departure Mol % 
98 100 0.12% (l010 K) -4.4% (1200 K) 
98 0 0.04% (1180 K) i -0.31 % (l080 K) 

Comment: Zuca and Olteanu [98J report, in addition to experi. 
mental specific conductivities, Arrhenius equations (equivalent 
conductances as a function of temperature) with standard deviations 
for E)..., the activation energy, in the range: 1.2 X 10- 2 Keal mol- 1 

(0 mol % RhCl, EJ,. 3.44 Keal mol-I) to 3.7 X 10- 2 Keal mol- 1 

(75 mol % RbC!, E).. 3.71 Keal mol- 1 ). 

J. Phys. Chern. Ref. Data, Vol. 4, No. 4, 1975 

TABLE 437. KCI·RbCl: conductance (ohm- 1 cm- 1 ) 

T 

1020 
1030 
1010 

1050 
1060 
1070 I 
lORD 
1090 
1100 
lllO 
1120 
1130 
1l4.0 
1150 
1160 
1170 
1180 
1190 

Mol % RhC1 

100 75 50 25 

1.574 
1.596 
1.61S 

1.640 
1.662 1.756 
1.68.3 1.776 1.903 2.042 
1.704 1.797 1.926 2.066 
1.725 1.817 1.949 2.090 

1.745 ) 1.838 1.971 2.114 
1.766 1.859 1.993 2.137 
1.785 1.881 2.015 2.160 
1.805 1.903 2.036 2.182 
1.824 1.925 2.057 2.204 
1.843 2.077 2.225 
1.862 2.097 2.246 
1.880 2.116 2.267 
1.899 2.136 2.287 
1.916 2.154 

Temperature·dependent equations 
/( = a + bT + cf2 

0 

2.198 
2.223 
2.249 
2.273 
2.298 
2.322 
2.346 
2.369 
2.392 

, 
2.415 
2.437 
2.4SY 
2.480 
2.501 

:\101 % RbCI I Stand. 
a b. 103 C • 106 error 

of est. 

0 -2.9614 7.1219 -2.1277 0.020/0 
25 -3.0441 7.0423 -2.1393 0.10% 
50 -3.0678 6.9368 -2.1418 0.130/0 
75 1.3252 -1.1682 1.4859 0.07% 

100 -2.3072 5.3381 -1.5035 0.020/0 

These values are based on the work of Zuea and Olteanu (classical 
ac technique) [98]. 

TABLE 438. Density studies: KCI-RbCl 

Investigations critically re.examined 

Ref. RhCl Temp. range Comments :\101 % (T) 

98 0,25,50, 1013-1233 Cell material: Pt ball; 
75, 100 calibration: water 

328 30-70 (g) 1073 

Comparisons with NSRDS recommendations' [1 pp 5 6J , 

Ref. RhCl Min. departure 1 Max. departure Mol 0/0 

98 100 -0.02% (l080 K) 0.150/0 (1200 K) 
98 0 0.0170 (1100 K) 0.180/0 (1200 K) 

Comment: Density results in reference [98j were reported as 
linear temperature dependent equations with standard deviations in 
the range: 2 X 10- 4 grams/em3 (0 mol 'Yo Rbel) to 10 X 10-4 

grams/ema (50 mol % RbCl). 
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TABLE 439. KCl·RbCl: Density (g cm-a) KCI·SbCh 
Mol % RbCl 

T 100 75 50 25 

lG20 2.218 
1030 2.209 2.057 
1040 2.201 2.048 
1050 2.192 2.040 
1060 2.184 2.032 1.863 1.700 
1070 2.175 2.024 1.856 1.693 
1080 2.167 2.015 1.849 1.686 
1090 2.158 2.007 1.842 1.680 
1100 1.150 1.999 1.834 1.673 
1110 2.141 1.991 1.827 1.666 
1l2U 2.133 1.982 1.820 1.660 
1130 2.124 1.974 1.812 1.653 
1140 2.116 1.966 1.805 1.646 
1150 2.107 1.958 1.798 1.640 
1160 2.099 1.791 1.633 
1170 2.090 1.783 1.626 
1180 2.082 1.620 
1190 2.073 1.613 
1200 2.065 
1210 2.056 . 
1220 2.048 
1230 2.039 

Temperature·dependent equations 
p = a+ bT 

Mol % RbCl a b • lOB 
---.--

0 2.1089 -0.5583 
25 2.4{)94 -0.6694 
50 2.6333 -0.7264 
75 2.9062 -0.8249 

100 3.0863 -0.8514 

0 

1.517 
1.512 
1.506 
1.500 
1.495 
1.489 
1.484 

1.478 
1.472 
1.467 
1.461 
1.456 
1.450 
1.445 
1.439 
1.433 

Stand. 
Dev. 

0.0002 
0.0005 
0.0010 
0.0006 
0.0009 

These values are based on the work of Zuca and Olteanu 
(Archimedean method) [98]. 

U 
~ 

; 
~ 
'" c. 
E 
~ 

60 

500 

400 

300 

200 

100 

o 
KCI 

KCI-SbC'3 

2.0 40 60 

Mol % SbCI 3 

80 100 
SOC,;; 

FIGURE 76. Temp~rature·composition phase diagram for KCl·SbCI.. 

J. Kendall, E. D. Crittenden. and H. K. Miller, J. Am .. 
Chern. Soc., 45, 963-96 (1923). 

Melt Preparation and Purification 

Stromberg [40J prepared SbCIa by reacting chlorine 
gas with metallic antimony and purified the resulting salt 
by sublimation into a sealed vessel. Potassium chloride 
was purified by recrystallization. 

Ref. 

40 

TABLE 440. studies: KC)·SbCl. 

Investilrations critically re.examined 

KC)' 
Cone. 

0-1.91 M 

Temp. range 
(1') 

373 

'Compositions were reported in terms of moles of KC) per liter 
of solution. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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0 
_0 __ 

Q.l 
"-
:::l 

"6 
Q; 
0-
E 
Q) 

J-

moles KCl/liter solution 

800 

700 

600 

500 

400 
0 

KCI 

0.000 
0.009 
0.0153 
0.0232 
0.0314 
0.0403 
0.0505 

KCI·ScCh 

KCI SeCI:::; 

\ 
\ 

\ 

20 40 

Mol % ScCI3 

7J at 373.2 K 

/ 
I 

/ 
I 

1.710 
1.721 
1. 7.30 
1.741 
1.758 
1.765 
1.787 

60 

:CIGURE 77. Temperature·composition phase diagram for KCl·SeCk 

J. Kendall, E. D. Crittenden, and H. K. Miller, J. Am. 
Chem. Soc., 45, 963-96 (1923). 

N. Ya. Fedorov and E. S. Petrov, Izv. Sib. Otd. Akad. 
:'iiauT S.S.S.R., SeT Khim Nauk, 1, 57 (1967) 

0.128 
0.168 
0.242 
0.352 
0.513 

. 0.744 
1.23 

7J at 

1.902 
1.950 
2.054 
2.22 
2.4,8 
2.91 
3.96 

Melt Preparation and Purification 

The preparation of pure Seel3 by Fedorov and Petrov 
[71J i$ di~cus!;ed under the Lie! SoC!., 3yotCln. No infor

mation was given with regard to potassium chloride. 

Ref. 

71 

TABLE 442. Electrical conductance studies: KCI-SeCh 

Investigations critically re·examined 

SeC], 
Mol % 

0-73 (g) 

Temp. range 
(T) 

913-1233 

Comments 

Cell material: sealed quartz 

a A brief discussion of the experimental procedure used by Fedorov 
and Petrov [71] is given under the LiCI-SeCIo system. 

TABLE 443. KCJ·SeCla: Specific conductance (ohm- 1 cn,-:) 

l'vfol % 913 K 953 K i 993 K 1033 K 1073 K 1113 K 1153K 1193 K 1233 K SeC]' 

0 2.lB 2.24 2.36 2.42 2.52 
10 1.84 2.UU 2.09 2.18 2.27 2.38 
20 l.G8 1.78 1.88 1.98 2.10 
30 1.42 1.56 1.68 1.74 
40 1.36 1.43 1.51 1.58 1.65 
50 0.78 0.91 1.00 1.08 1.16 I 1.26 1.36 

I 

1.42 1.50 
60 

I 
U8 1.24 1.30 1.36 

70 I U8 1.24 1.30 

These values have been interpolated to three significant figures from the graphical presentation of Fedorov and Petrov (classical ac 
chnique) [71]. 

Phy~. Chem. Ref. Data, Vol. 4, No.4, 1975 
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KCI-SnCh 

800 KCI-SnCI2 

600 / 

/ 
400 

20 40 GO 

Mol % KCI 

o 

eo 100 
Kel 

Melt Preparation and Purification 

Rafalskii [119] used chemicalIy pure SnCI2 • 2H20 as 
starting material. The salt was recrystallized and dehy
drated in a stream of HC! gas and finalIy sealed into 
glass ampoules. Chemically pure KC! was dried at high 
temperatures. 

TABLE 444. Electrical conductance studies: KCl·SnCI. 

Investigations critically re·examined 

Ref. SnC!. Temp. range Comments 
Mol % (T) 

119 45-100 573,623 Cell material: glass {outside) 
"'lid ljululz (inside) capillary 

cell; Pt electrodes; freq. range: 
1400 Hz; calibration: 300/0 
sulfuric acid solution at 25 'C 

Deviations from previous NSRDS recommendations: [1, p. 12] 

Ref. SnCJ. Min. departure Max. departure 
Mol % 

119 100 _071% (fi?3 K) 1.46% (573 K) 

FICVRE 78. Temperature·composition phase diagram for KCI·SnCb. 

G. Rack, Cbl. Mineral., Geol., Palaontol., 374 (913). 

TABLE 445. KC]·SnCk Specific conductance (ohm- 1 cm- 1) 

Mol percent Sne)' 

T lOa 95 90 85 80 75 70 65 1 60 55 50 48 45 

573.2 1.115 1.100 1.079 1.040 0.995 0.935 0.865 0.798 

I 
0.688 0.553 0.472 0.515 

623.2 1.388 1.388 1.331 1.260 1.215 1.160 1.060 1.000 0.871 0.713 0.645 0.677 0.702 
.. 

These values are based on the work of Rafalsku (claSSIcal ac techmque) [119]. Due to hmlted data, the experimental values are glVen . 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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FIGURE 79. Temperature·composition phase diagram for KCI·SrC],. 

E. Vortisch, Jahrb. Min. Bd!. Bd, 38, 185 (1914). 

E. P. Dergunov and Dergman, Doklady, Adad. Nauk. 
S.S.S.R., 75, 815 (1950). 

Melt Preparation and Purification 

Reagent.grade alkali metal halides, oven dried at 
200°C overnight, were used by Ellis and Smith [143,17]. 
Dehydration of SrCI~' 6H~O involved healing the salt under 
vacuum (0.3 mm Hg) at temperatures up to 300 °C for a 
period of 48 to 72 hours. 

Ref. 

143" 
325 

TABLE 446. 

Investigations critically re·examined 

SrC]' 
Mol7a 

0, 20, 40, 60, 80 
0-100 (g) 

Temp. range 
(T) 

1074-1329 
1023,1123 

Deviations from previous NSRDS recommendations: [1, p. 5] 

Ref. 

143 

SrC]' 
:Y101 0/0 

o 

Min. departure I Max. departure 

-0.5170 (1319 K) I -1,..16% (1153 K) 

'F,lli. "Tld Smith [143] used " platinum bob and chain lu!;~lhc!· 

with an analytical balance for their density measurements. Salt 
condensation on the suspension system was reduced by a slow flow 
of inert gas. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

TABLE 447. KC]·SrC]': Dem:ity (1' rlll-O) 

T 

1080 
1090 
noo 
1110 
1120 
1130 
1140 
ll50 
1160 

1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1?80 

1290 
1300 
1310 
1320 

100 

2.712 
2.707 

2.701 
2.696 
2.691 

I 2.686 
I 2.681 

2.675 
2.670 
2.665 
2.660 
2.655 
2.649 
2.614 

2.639 

i 

Mol % SrC], 

a 
20 
40 
60 
80 

100 

Mol percent SrCI, 

80 60 40 20 

i 1.714, 
2.518 2.307 1.707 
2.513 2.301 2.040 1.700 
2.507 2.294 2.035 1.694 
2.502 2.288 2.029 1.687 
2.496 2.281 2.024 1.680 
2.490 2.275 2.018 1.674 
2.485 2.268 2.013 1.667 
2.4/9 ~.~b~ :::.008 1.661 
2.474 2.255 2.002 1.654 
2.468 2.248 1.997 1.647 
2.463 2.242 1.991 1.641 
2.<157 2.255 1.98b 1.()j4 

2.452 2.229 1.980 1.627 
2.446 2.222 

i 
1.975 1.621 

2.441 2.216 1.970 . 1.614 
2.435 2.209 1.964 
2.430 2.202 1.959 
2.424 2.196 1.953 
2.418 2.l89 

Temperature.dependent equations 
p=a + bT+ CT2 

a b'104 c· 107 

2.4614 -11.9158 2.7012 
2.4294 -6.6273 0 
2.6376 -5.4315 0 
3.0230 -6.5642 0 
3.1221 -5.5402 0 
3.3110 -5.2104 0 

I 

0 

1.477 
1.472 
1.466 
1.460 
1.454 
1.448 
1.443 
1.437 
1.431 
1.426 
1.4:::0 
1.415 
1.410 
1.404 
1.399 
1.394 
1.389 
1.384 
1.379 

1.374 
1.369 
1.364 
1.35~ 

Stand. 
error 
of est. 

0.22% 
0.20% 
0.07% 
0.17% 
0.07% 
0.09% 

These values are bas eo on the work of Ellis and SmIth (Archl' 
medean method) [143]. 

nei. 

143" 
244" 

TAllT.);: 448- Surhco ten.ion ctudico: KC1-SrCi, 

Investigations critically re-examined 

SrC]' 
Mol 70 

20, 40, 60, 80 
0-100 (g) 

Temp. range 
(T) 

1000-1315 
Il23 

"Ellis [143] reported an accuracy of ±1.5 dynes em -1 in his 
surface tension data while Bertozzi and Soldani [244] reported that 
results were reproducible to within 0.5%. 
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TABLE 449. KCl.SrC1.: Surface tension (dyn cm- 1 ) KCI-TiCb 
Mol percent SrC]' 

T 100 , 80 60 40 20 0 

1010 134.30 120.12 114.70 

1020 133.59 119.46 113.91 
lD30 14?.55 1~2 fiR llftRfI 113.13 

1040 141.88 132.17 118.14 112.34 

1050 141.22 131.46 117.48 111.55 
1060 140.56 130.74 116.81 110.76 

1070 139.89 130.03 116.15 109.98 
1080 139.23 129.32 115.4,9 109.19 97.21 

1090 138.56 128.61 114.83 108.40 96.37 

1100 137.90 127.90 114.17 107.61 95.54 

lll0 137.24 127.19 113.51 106.82 94,70 
1120 136.57 126.48 112.85 106.04 93.86 

1130 135.91 125.77 112.19 105.25 93.03 

1140 1 135.25 125.06 111.53 104.46 

1 

92.19 

1150 I 134.58 i 124.34 nO.87 103.67 91.35 
1160 167.87 133.92 I 123.63 110.21 102.8Y !lU.bZ 

~ 
1170 167.39 133.25 I 122.92 109.54 102.10 89.68 

1180 166.91 132.59 122.21 108.88 101.31 88.84 

1190 166.43 131.93 121.50 108.22 100.52 88.01 
1200 165.94 131.26 12{).79 107.56 99.74 87.17 

1210 165.46 130.60 120.08 106.90 98.95 86.33 

1220 164.98 129.94 119.37 106.24 98.16 85.50 
1230 164.49 129.27 118.66 105.58 97.37 84.66 
1240 164.01 120.61 117.94 104.92 96.50 sa.S2 
1250 163.53 127.95 117.23 104.26 95.80 82.99 

1260 163M 127.28 116.52 103.60 95.01 82.15 
1270 126.62 115.lll 102.94 94.22 81.31 
l?!lO 12SCl5 11510 102.')7 Q~44 flO4.R 

1290 125.29 114.39 101.61 92.65 79.64 
1300 124.63 113.68 100.95 91.86 
1310 91.07 

Temperature·dependent equations 
'Y = a + bT 

Mol % SrC], a 

0 187.57 
20 194.25 
40 186.87 
60 206.12 
80 210.90 

100 223.94 

These values are based on 
pressure method) [143]. 

b· 102 Stand. error 
of est. 

-8.37 0.87% 
-7.88 0.89% 
-6.61 0.53% 

I 

-7.11 1.110/0 
-6.64 0.540/0 
-4.83 0.32% 

work of Ellis (maximum bubble 

Q) .... 
:J 

'0 
Q) 
a.. 

772 

KCI- TiCI 3 

E 600 

~ 

500 

a 
KC! 

20 

Mol % TiCI3 

I 
J 

100 
TiCI3 

FIGURE 80. Temperature·composition diagram jor KCI:nCb. 

B. F. Markov and R. V. Chernov, Ukrain. Khim. Zhur" 
25, 281 (]959). 

Melt Preparation and Purification 

Kamenetskii and Shevly"ko"" [61] nsed " ... hp.m_ 
ically pure" KCl and TiCl3 and indicate no addi
tional purification. 

TABLE 450. Electrical conductance studies: KCI·TiCk 

Ref. 

55' 

59 

61'·b 

Ref. 

55 
61 
61 

Investigations critically re·examined 

TiCl, Temp. range Comments Mol % (T) 

~0-60 1073 Cell material: quartz; Pt elec-
trodes; ireq. range: 1400 Hz 

~0--60 (g) 1073 Cell material: quartz; Pt elec· 
trodes; ireq; range: 1400 Hz 

-Q-.36 1073-1223 Cell material: quartz; Mo and 
Welectrodes; freq. range: 
1150 Hz; calibration: 
O.02N KCl solution 

Comparison with NSRDS recommendations: 
[1, p. 4 and this volume] 

TiCk :\1:in. departure Max. departure Mol 0/0 

0 0.0% 0073 K) 
0 -3.40/0 (1123 K) -4.1'fo mn K) 
0 -3.6% (1073 K) 

'Data presented graphICally except for pure KC}' 
bElectrical resistances in reference [61] were measured to within 

0.01 ohms with an accuracy of ±l%. Repeated calibrations showed 
that the cell constant varied no more than 1 o/a. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 451. KCI-TiCl,: Specific conductance (ohm- 1 cn:-') 

0/0 TiCL 1073 

{l 2.S 

10 1.8 
20 1.5 
30. 1.4 
40 1.2 
SO 1.2 

These values were interpolated to two significant figures from the 
graphical presentation of Delimarskii and Chernov (classical sc 
techni que) [5.51. 

KCI-UCb 

Melt Preparation and Purification 

Mochinaga [137, 189] prepared UCl:~ by first hydro
genating metallic uranium at 220-230 oC followed by 
chlorination using HCl gas at 270-300 °C. Excess HCI 
was removed by evacuation below a temperature of 
150°C. Due to the hygroscopic nature of UCh and the 
ease of oxidation: all measurements were made in an 
apparatus that was filled with argon which was previously 
purified by passage over a titanium sponge layer heated 
at 1000 DC. 

TABLE 452. Electrical conductance studies: KCl· UCla 

Investigations cn tically re·examined 

Ref. UCh TtirrJp. lange 
:Mol '70 (T) 

137 5.0-50.4 864-1235 
189· i 5-50 (g) 1023, ]223 

'Equivalent conductivities were reported. 

J. Phys. Chem. Ref. DCltCl, Vol. 4, No.4, 1975 

TABl.E 453. KCl·UCl.: Specific conductance (ohm- 1 cm-1 ) 

T SOA· 

870 0.48 
880 0.50 
890 0.52 
900 0.55 
910 0.57 
920 0.59 
930 0.61 
940 0.63 
950 {j.G5 
960 0.67 
970 0.69 
980 D.n 
990 0.73 

1000 0.75 
1010 0.77 
1020 0.79 
1030 0.80 
1040 0.82 
1050 0.84 
1060 0.86 
1070 0.87 
1080 0.S9 
1090 0.90 
1100 0.92 
1110 
ll20 
1130 
1140 
1150 
1160 
1170 
1180 
llC)(l 
1200 
]210 
1220 
1230 

Mol percent UCl. 

40.1 2RB ?s.o 

0.70 
0.72 
0.75 0.91 
0.77 0.94 
0.79 0.96 ! 

0.96 
0.81 0.98 0.98 
0.82 1.00 1.00 
0.84 1.02 1.02 
0.86 1.04 1.04 
0.S8 1.06 LOG 
0.90 1.0S 1.07 
0.91 1.Q9 1.09 
0.93 1.11 1.10 
0.95 1.13 1.12 
0.96 1.14 
0.98 ! 1.16 
0.99 1.17 
1.01 1.18 
1.02 1.19 
1.04 
1.05 
1.06 
1.08 ! 
1.09 I 

1.10 
1.11 
1.1? 

Temperature.dependent equations 
K = a + bT + CT2 

111.<l 5.0 

1.00 
1.03 
1.05 
1.07 
1.10 
1.12 
1.14 
1.16 
1.18 
1.20 
1.22 
1.24 
1.26 
1.28 
1.30 
1.32 L81 

1.84 
1.87 
1.S9 
1.92 
1.94 
1.96 
1.98 
2.00 
2.01 
2.03 
2.04 
2.05 
2.00 
2.07 
2.08 
2.08 
2.09 

Mol % VCh a b' lOS C • lOG 
--.--- _. - - ----_._--

5.0 -10.297 19.873 -7.972 
18.9 - 2.422 5.199 -1.575 
25.0 - 6.728 13.586 -5.836 
28.8 - 4.395 8.890 -3.473 
40.1 - 2.963 5.764 -1.959 
50.4 - 2.649 4.928 -1.530 

These values are based on the work of Mochinaga et al. (classical 
Gte technique) [137J. 

TABLE 454. Density studies: KCl·UCb 

Investigations critically re-examined 

Ref. I 
VCb Temp. range Comments Mol % (T) 

1&9 

I 
0-100 1073-1304 Cell material: quartz 

pycnanletcT; calibration: 

I molten NaC], KCl 

Devialions from previous NSRDS recommendations: [1, p. 51 

Ref. UC]" Min. departure Max. departure Mol '70 
la9 0 -2.50/0 (l200 K) -2.9% (l070 K) 



T 

1090 
lloo 
lll0 
1120 
ll30 
ll40 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1?70 
1280 
1290 
1300 

100 

3.962 
3.882 
3.803 
3.723 
3.644 
3,56.:1. 

3.485 
3.406 
3.326 

Mol % UCI. 

o 
2.4 

11.7 
25.6 
37.1 
67.5 
74.5 

100 

74.5 

3.474 
3.432 
3.389 
3.34.6 
3.303 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 455. KCI-UCl.: Density (g em-a) 

Mol percent VCl. 

67.5 37_1 25.6 

2.765 
2.753 
2.741 
2.729 
2.716 
2.704 
2.692 
2.680 
2.667 

3.470 2.655 
5.428 2.643 
3.386 2.631 
3.344 2.618 
3.303 2.606 
3.261 2.594 2.280 
3.219 2.582 2.266 
3.177 2.569 2.252 
3.135 2.557 2.239 
3.Q93 2.646 2.226 

2.533 2.211 

Temperature-dependent equanons 
p a+ br 

a 

2.034S 
2.255 
2.852 
3.981 
4.099 
8.405 
8.700 

13.652 

11.7 

1.968 
1.960 
1.9!>3 

1.945 
1.937 
1.929 
1.921 
1.913 
1.906 
1.898 
1.890 
1.882 
1.874 
1.867 
UI69 

2.4 

1.636 
1.631 
1.625 
1.620 
1.615 
1.609 
1.604 
1.599 
1.593 

b' 104 

6.288 

- 5.288 
7.818 

-13.827 
-12.240 
-41.819 
-42.835 
-79.430 

1081 

0 

1.458 
1.453 
1.447 
1.442 
1.437 
1.431 
1.4~() 

1.421 
1.416 
l.410 
1.405 

1.400 
1.394 
1.389 
1.384 
1.379 
1.373 
1.368 
1.363 
1.357 
1.352 

Th"." value. are ba.ed on the work of Maohinng" ot nl. (pycnomctric method) [109J. 
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FIGURE 81. Temperature·composition phase diagram for KCl-VCl,. 

C. J. Barton, A. B. Wilkerson, T. N. McVay, R. 1. 
Sheil, and W. R. Grimes.' Oak Ridge National Labora
tory, Phase Diagrams of Nuclear Reactor Materials, 
R. E. Thoma, ed., ORNL-2548, p. 135 (1959). 

Melt Preparation and Purification 

Kuroda and Suzuki [52] prepared UCl4 by the reaction 
of carbon and chlorine with urano-uranic oxide at 850 °e. 
The urano-uranic oxide was obtained from uranyl nitrate, 
which was previously purified with tributylphosphate, 
sodium nitrate and kerosene. 

Bogacz and Ziolek [158] prepared and purified KCl 
and UCl4 using the procedure described under the 
system CsCl·UCI4 • 

Desyatnik et a1. [212] used recrystallized KCl, dried 
in a vacuum for 1 houT Rt 770 or.. lJl.l, W>1" prpf'>1rpd 
by chlorination of U02 with CCl~. The product was twice 
'recrystallized and the melting point of UCl4 was found 
to be 587 ± 2°C. 

J. Phys. Chem. Ref. Dala, Vol. 4, No.4, 197.5 
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TABLE 456. Electrical conductance studies: KC-llCL TABLE 156_ Electrical conductance studies: KCI-llCJ.-Cont:nued 

Investigations critically re-examined Deviations from previous NSRDS recommendations: [1, p. 9] 

Ref. Comments UCl, Temp_ range 
Mol % (7') 

52 19.0-100" 723-1023 Cell material: quartz U-tube; 
Pt electrodes; freq. range: 
1000 Hz i calibration: 
IN KCl solution 

158 45.62-100 793-1001 Cell material: quartz ll-tubei 
Pt electrodes; freq. range: 
5,000-10,000 Hz (measurements 

I

i at 10,000 Hz) i calibration: 
KCl solutions and fused 
KNQ" Nal'103, and KCl 

Ref. UCl, Min_ departure Max_ departure 
Mol % 

52 100 

I 
-2.1% (8nK) -6_0% (88.3 K) 

158 100 L2% (870 K) -4.4% (890 K) 

"Graphical exeept for pure UC),. 
Comment: Kuroda and Suzuki [521 carried out conductivity meas· 

urements in an argon atmosphere since IJ CL is hygroscopic and 
rCllcta ,dth oxygen. 

Bogacz and Zio)ek [I58J report their conductance results in the 
form of equations of the type K = a + bt + ct2 with the standard 
deviations in the range 0.0 X 10-~ ohm- 1 cm- 1 (95.53 mol % 
VC]') to 3.0 >< 10-4 ohm- 1 cm-1 (64.35 mol % DC],). The 

overall error in the conductivity measurements did not exceed 0.5%. 

TABLE 457. KCI-UC1,: Specific conductance (ohm- 1 em- 1 ) 

T 100.00 95.53 

800 
BI0 
820 
830 
840 
650 
860 
870 0.437 
880 0.436 0.451 
890 0_451 0.465 
900 0.465 
910 

: 
0.478 

920 0.492 
930 0.505 
940 0.518 
950 0.530 
960 0.542 
970 0.554 
980 0_565 
990 0.576 

1000 0.587 I 
I 

Mol % 'CCl, a 

45.62 -1.4352 
53.70 -1.8769 
64.35 -1.2444 
74.24 -2.0232 
83.26 -1.7850 
90.34 -3.7786 
95.53 -3.9647 

100.00 -2.2782 

Mol % UCI. 

90.34 83.26 74.24· 

0.431 
0-448 
0.464 
0.479 

0.452 0.495 
0_433 0.407 0_510 

0-449 0.482 0.524 
0.464 0.497 0.538 
0.478 0.512 0.552 
0.492 0.526 0.566 
0.505 0.579 
0.517 0.592 

I 
Temperature.dependent equatIOns 

K a+ bT + cf2 

b • 103 

3.3652 
4.3403 
2.8824 
4.4852 
3.7868 
8.2786 
8.6262 
4.6911 

These values are based on the work of Bogacz and ZlOlek (classical ac technill"") [1 i'il'll_ 

J. Phys. Chern. Ref. D(tta, Vol. 4, No.4, 1975 

64.35 53.70 45.62 

0.521 
0.535 0.573 
0.546 0.:)138 0_025 
0.562 0.602 , 0.640 
0.575 0_616 i 

0.655 
0.587 : 0.630 0.669 
0_600 0_644 0.683 . 0_613 0_657 0.697 , 
0.625 0.669 0.711 

0.682 0.724 
0.737 

C· 10" Stand. dey. 

-1.106B 0_0001 
-1.6948 0.0002 
-0.9099 0.0003 
-1.7711 0.0001 
-l.3376 0.0002 
-3.9105 0.0002 
-4.l001 0.0000 
-1.8260 0_0002 



T 100.0 

800 
810 
820 
830 
840 
850 
860 
870 3.558 
880 3.539 
890 3.519 , 
900 3.500 
910 3.480 
920 3.461 
930 3.441 
940 3.422 

Mol % UCI. 

45.62 
53.70 
64.35 
74.24 
83.26 
90.34 
95.53 

100.00 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 458. studies: KCI·UCI, . 

Investigations critically re·e~amined 

Ref. UCI, Temp. range Comments 
Mol '/0 (Tl 

158 45.62-100 793-949 Cell material: Pt ball and 
.Guopenoion wire inside qu:arta 

tube 

Comment: Density data'in reference [158] were reported in the 
form of linear temperature dependent equations with standard 
deviations in the range: 1.0 X 10-' g cm-" (45.62 mol 10 UC),) lU 

40.0 X 10-4 g cm-3 (95.53 mol % UC].). The total error in density 
measurements did not exceed 0.20/0. 

95.53 

3.522 
3.503 
3.485 
3.466 

TABLE 459. KCl.UCI,: 

Mol % uc!. 

90.34 83.26 74.24 

3.384 
3.370 
3.355 
3.340 

3.425 3.326 
3.411 3.311 

3.475 3.398 3.296 
3.461 3.384 3.281 
3.447 3.370 3.267 
3.433 3.357 3.252 
3.419 
3.405 

Temperature·dependent equations 
p=a+bT 

a b· 10' 

3.6615 -9.654 
3.8979 -10.732 
4.2492 -13.107 
4.5627 -14.728 
4.5715 -13.649 
4.6922 -14.150 
5.1147 -18.524 
5.2508 -19.455 

64.35 

3.188 
3.174 
3.161 
3.148 
3.135 
3.122 
3.109' 
3.096 
3.083 
3.070 
3.056 

1083 

53.70 45.62 

2.996 
2.986 2.841 
2.975 2.831 
2.964 2.822 
2.953 2.812 
2.943 2.802 
2.932 2.793 
2.921 2.783 
2.911 2.773 

2.764 

Stand. dev. 

0.0001 
0;0004 
0.0003 
0.0005 
0.0009 
0.0002 
0.0040 
0.0006 

These values are based on the work of Bogacz and Zwlek (Archlmedean method) [158], 

TABLE 460. Surface tension studies: KCI·UCI. 

Investigations critically re-examined 

Ref. UCl. Temp. range Comments 
Mol % (T) 

212 Q-lOO 863-1173 Cell material: Pt crucible 

DeYiation~ £1·0111 prcviou!; NSnns lCCQnnnendativllb; [2, p. 50J 

Ref. UCl. Min. departure Max. departure Mol '}'o 

212 0 -0.210/0 (1073 K) -0.360/0 (lI73 K) 

J. Phys. Chem. Ref. Dgt", Vol. 4, No.4, 1975 
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T 

870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
<JtlU 

990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 

1070 
1080 
1090 
llOO 
lllO 
1120 
1130 
1140 
1150 
1160 
lliD 

100.00 97.33 

71.68 
70.79 

69.90 
98.05 69.01 
97.27 68.13 
96.49 

95.71 
94.93 
94.14 
93.36 
92.58 
91.80 
91.02 

),101 % KCl 

0 
39.33 
56.04 
64 .. 31 
73.68 
96.00 
97.33 

100.00 
I 

JANZ ET AL. 

TABLE 461. KCi-tiCL: Surface ten~ion Idyn em-I) 

96.00 

67.98 
67.31 
66.64 
65.96 
6"'.29 
64.62 
63.94 
63.27 
62.60 

6l.93 
61.25 
60.58 
S9.91 

59.23 

]'1101 % KCl 

73.68 

65.85 
6S.72 
65.58 
65.45 
65.31 
65.18 
65.04 
64.91 
64.77 
64.64 
64.51 
04.;)1 

64.24 
64.10 
63.97 
63.83 
63.70 
63.S6 
63.43 

64.31 

S].69 
51.60 
51.51 
51.43 
51.34 
!"l1.2::' 

51.17 
51.08 
50.99 

Temperature.dependent equations 

'Y a+bT 

a b • 102 

204.95 -18.500 
102.83 -6.210 
93.04 -4.808 
59.73 -0.865 
77.59 -1.349 

136.65 -6.n2 
1!i4.82 -8.871 
182.51 -7.820 

I 
I 

56.04 

SO.73 
50.25 
49.77 
49.29 
48.81 
48.33 
47.85 
47.36 
46.88 
46.40 
4b.92 

45.44 

These values are based on the work of Desyatmk et aJ. (maXImum bubble press:Jrc method) [212]. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

39.33 

47.56 
46.94 
46.32 
45.70 
45.08 
44.47 
43.84 
43.21 
42.59 
41.91 

I 0 

42.15 

40.30 
38.45 
36.60 
34.75 
32.90 
31.05 
29.20 
27.35 

Stand. deviation 

0.02 
0.01 
om 
0.02 
0,01 
0.03 
0.Q2 
0.02 



PROPERTIES OF CHLORIDES AND MIXTURES 1085 
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FIGURE 82. Temperature-composition phase diagram for KCI-ZnCJ,. 

T. N. Nikonova, S. P. Paulenko and A. G. Bergman, 
Dokl. Akad. N auk. S.S.S.R., Ser. Khim., 391-400 (1941). 

Ya. A. Ugal and Y. A. Shatillo, Zhur. Fiz. Khim., 23, 
744--54 (l9<t9). 

F. Duko and R. A. Fleming, 1. Electrochem. Soc., 104, 
251-4 (1957). 

Melt Preparation and Purification 

Pavlenko [28] prepared ZnCI2 by dissolving electro. 
lytic zinc metal in chemically pure, concentrated hydro
chloric acid. The Znr.J2 WR'" dehydrated by heating the 
material in a test tube with a current of dry HC) passing 
through the melt. The·anhydrous product was transferred 
to a platinum cup, crushed and finally stored in weighing 
buttles. 

Duke and Fleming [38] used Baker and Adamson 
reagent grade crystalline KCI. "Bakers Analyzed broken 
lump" ZnCI2 was fused in a Pyrex test tube in a furnace 
at about 400 DC. Predetermined quantities of the two 
chloride salts were mixed and fused while a stream of HCI 
gas was passed through the melt. Mixtures were analyzed 
for Zn2+ by the method of Loomis (T. C. Loomis, Ph.D. 
thesis, Iowa State College Library, Ames, Iowa, 1953). 
Specially designed conductivity cells were used so that 
HCI ga~ r.onld he passed through the melt contained in tllt; 

cell and thus convert any ZnO formed by hydrolysis back 
to the chloride. 

Weeks [l08] and Bloom and Weeks [197, 199] used 
B.D.H. KCl without further purification except for vacuum 
drying at 400 0 C for three hours. The purification of ZnC12 

is described under the system CsCl.ZnCb. 
Ellis et a!. [240,78] dried KCl in an oven for 16 hours 

at 150 DC to 220°C. Zinc chloride was pre· dried by heat. 
ing at 300 DC un.der vacuum for a period of 42 to 72 
hours. The salt was then transferred to a Vycor flask under 
a vacuum of 25 microns or better, and fused. Nitrogen 

followed by HCI gas was then bubbled through the melt 
for several hours and, after the melt was cooled in an 
atmosphere of HCl, the flask was flushed thoroughly with 
N2 gas. The anhydrous salt was transferred to a Mason 
jar for storage. 

TABLE 462. Electrical conductance studies: KCI·ZnCI2 

Invti~ug"LiujJS crlrlcally re·examined 

Ref. ZnCI. Temp. range Comments Mol % (T) 

3S' 21-100 748-923 Cell material: Pyrex glll'~; Pr. 
electrodes; {req. range: 1000 
Hz 

108 36.8-100 510-890 Cell material: silica glass; Pt 
electrodes; freq. range: 500-
50,000 Hz; calibration: 0.1 and 
1.0 demal KC! solutions 

197' 36.8-100 510-890 I Cell material ann ".HhT.,;'m, 
as for 108 

Deviations from previous NSRDS recommendations: [1, p. 10] 

Ref. ZnCl2 Min. departure M;'IY, rlpJ.1~rtttre 
Mol % 

108 100 -3.0% (830 K) -53.0% (627K) 

'Equivalent conductivities were reported. 
Comment: Weeks n08] reporter! " tl~".TP •• e in cell r".i.tance of 

0.1% from 0.5-100 KHz for molten ZnCl2 and for mixtures with the 
alkali chlorides. It was suggested by Weeks that the large differences 
in conductivities for pure ZnCI. between [1081 and Bockris et a!. 
(NSRDS--NBS--15) [1] have been due in part to the large frequency 
extrapolation (~570) used in the latter case. Weeks [108] reported 
experimental specific conductivities and Bloom .and Weeks [197] 
gave equivalent conductances in the form of Adam·Gibbs equations 
,A = A exp (-BIT In (T/To». 

Overall accuracy in the recommended values was reported to be 
0.5'1'0 and 0.3% for pure zinc chloride and for mixtures, respectively. 
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TABLE 4·6.1. KC1·ZnCl,: Specific conductance (dhm- 1 cm-') 

T 100.00 I 94.28 

510 I 
530 I 550 
570 

I 
590 0.009732 
610 0.002514 {W1781 
MU U.UU474U o.o:ml 
650 0.008460 0.03951 
670 0.01399 0.05334 
690 0.02163 0.06928 
710 0.03171 0.08745 

730 0.04454 0.1079 
750 0.06042 0.1309 
770 0.07968 0.1563 
790 0.1026 0.1044 
810 

II 

0.1296 0.2152 
830 0.1608 0.2488 
850 0.1967 0.2854 
870 0.3250 
890 0.3678 

Mol % ZnCI, a 

36.80 -1.2500 
45.90 -0.14(09 
53.00 U202 
66.20 1.1729 
79.20 0.7195 
91.02 1.3224-
94.28 0.1026 

]00.00 -0.9757 

i'llol percent ZnCb 

91.02 79.20 66.20 

I 0.09720 
0.1339 
0.1734 

0.02176 0.1075 . 0.2155 
0.03007 0.1391 0.2597 
U.U4HH U.l'I::!Y U.ilU()U 

0.05699 0.2088 0.3539 
0.07561 0.2467 0.4031 
0.09766 0.2865 0.4534 
0.1231 0.5280 0.5044 

0.1521 0.3712 0.5559 
0.1844 0.4159 0.6076 
0.2202 0.4620 0.6592 
0.2:19::; 0.::;094 0.7104 

0.3021 0.5580 0.7608 
0.3482 0.6076 0.8103 
0.3978 0.6582 0.8585 
0.1507 0.7097 

Temperature.dependent equations 
I< = a .J.. bT + cT2 + d'J'3 

b • 103 C· 10" 

2.5953 0 
-2.3679 7.3232 
-7.6752 14.561R 
-7.5411 13.6490 
-4.4323 7.1719 
-4.7385 4.2950 

0.0675 -1.6401 
5.5534 -10.4507 

53.00 

0.08876 
0.1275 
0.1692 
0.2136 
0.2602 
0.3089 
U.il5Y2 

0.4109 
0.4636 
0.5170 
0.5707 

0.6244 
0.6779 
0.7307 
0.782G 

0.8332 
0.8822 
0.9293 
0.97-11 

d' 10" 

0 
-3.5778 
-(dllQ.~ 

-6.1321 
-2.4026 

0 
2.13.37 
6.5176 

These values are based on tne data of Weeks (classlcal ac techmque) [1081. 

TABLE 464. Density studies: KCI·ZnCl, 

Investigations critically re·examined 

Ref. ZnC]" Temp. range Comments Mol % (T) 

28 0-100 593-835 Cell material: Pt sphere, Pt 
suspension wire; calibration: 
molten KNO" LiCI and NaG 

38 18.9-100 715-988 Cell material: PI sinker 

78 0-100 573-1330 Cell material: Pt bob 

108 38.4-100 50G-58l Cell material: silica pycnom· 
eter; calibration: water 

165 50 773-973 

1B7 40.1,60.9, 

80.3,90.0, 
96.9 590-1057 

193 20-100 873,973 

194 38.4-100 506-881 

199 0-100 (g) 873 Cell material: silica pycnom-
eter: calibration: water 

240 Cell material: Mo capillary 
(max. bubble pressure 

1l1ethod) ; calibration: tin I 
p.terpIH:nyl 
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45.90 36.80 

(J.17(J8 
0.2201 
0.2704 
0.3215 
U.il·lilil 

0.4255 
0.4779 
0.5305 

I 0.5830 0.5927 

0.6352 ! 0.6446 
0.6871 
0.7383 
0.7009 

0.8385 
0.8869 
0.9342 
0.9800 

Stand. error of est. 

0.13')0 
0.410/0 
O.4flo/n 

0.190/0 
1.32% 
2.55% 
3.69% 
1.300/0 



T 100.00 97.52 

520 
540 
560 
580 
600 2.520 2.511 
620 2.509 2.500 
640 2.499 2.489 
UUO 2.488 2.478 
680 2.478 2.466 
700 2.467 2.455 
720 2.456 2.444 
710 2.446 2.4.33 

760 2.435 2.422 
780 2.425 
800 2.414 
820 2.403 
B40 
860 
880 

Mol % ZnC]') 

39.10 
47.40 
53.90 
57.80 
(,5.20 

72.40 
83.70 
90.46 
93.70 
95.43 
97.52 

100.00 

PROPERTIES OF CHLORIDES AND MIXTURES 

Ref. 

28 
38 
78 

108 
193 

28 
28 
28 
73 

TABLE 464. Density studies: KCI.ZnCl.-Continued 

Comparisons wiLh NSRDS recommendations: 
[1. pp. 5, 10 and this volume] 

ZnCI. Min. departure Max. departure 
Mol % 

100 0.0% (669K) -0.04% (728K) 

100 -0.08% (723K) -0.630/0 (910K) 

100 -0.760/0 (660K) -1.070/0 (SooK) 

100 '-O.OS% (683 K) 0,40% (600K) 
100 -0.2170 (873K) 

100 0.12% (781K) 0.20% (7l8 K) 

65 -0.Q4% (71OK) 

I 
-0.220/0 (617K) 

0 -0.890/0 (1167 K) -1.12% (1071 K) 
0 -1.04'10 (1200 K) -1.3370 (1090 K) 

Comment: Density measurements in references [108, ]99] were 
corrected for thermal expansion of the silica pycnometers and the 
total correction was 0.05-0.1 %. The overall accuracy was reported to 
be between 0.05% and 0.1%. Weeks [108] reported experimental 
dllnsity values while Bloom and Weeks [199] gave results in the 
form of linear temperature dependent equations with standard 
deviations in the range: 0.37 X 10-3 g cm- s (72.4 mol 0/<> ZnCb) to 
3,47 X 10 0 gem Q (9::'.4 mol % ZnL!.). 

95.43 93.70 

2.515 
2.504 2.489 
2.492 2.478 
2.481 2.467 
~.47U 2.456 
2.459 2.445 
2.448 2.434 
2.436 2.423 
2.425 2.412 

2.414 2.401 
2.403 
2.391 
2.380 
2.369 
2.358 

TABLE 465. 

9U.40 8:3.70 72.40 65.20 

2.406 2.360 
2.455 2.392 2.345 

2.470 2.443 2.378 2.331 
2.459 2.430 2.364 2.317 
2.448 2.417 2.350 2.302 
2.437 2.405 2.336 2.288 
2.425 2.392 2.322 2.274 
2.414 2.379 2.308 2.259 
2.403 2.366 2.294 2.245 
~.il9~ 2.354 2.280 2.231 
2.380 2.267 2.216 
2.369 2.253 2.202 

2.239 2.187 
2.225 2.173 
2.211 2.159 
2.197 2.144 

2.130 

Temperature·dependent equations 
p=a+ bT 

a b'lOa 

2.5092 -U.obUU 

2.6084 -0.6982 
2.6727 -0.7197 
2.7097 -0.7239 
2.7610 -0.7169 

2.7976 -0.6989 
2.8246 -0.6364 
2.8079 -0.5627 
2.8164 -0.5465 
2.8401 -0.5608 
2.8440 -0.5552 
2.8375 -0.5293 

57.80 

2,333 
2.319 
2.304 
2.290 
2.275 
2.261 
2.247 
2.232 
2.218 
2.203 
2.188 
2.174 
2.160 
2.145 
2.131 
2.116 
2.102 
2.087 
2.073 

These values are based on the work of Weeks (pycnometric method) [108]. 

1087 

53.90 47.40 38.40 

I 
2.299 
2.284 2.231 
2.270 2.217 
2.255 2.204 
2.241 2.190 
2.227 2.176 
2.212 2.162 
2.198 2.148 
2.183 2.134 
2.169 2.120 
2.155 2.106 2.034 
2.140 2.092 2.021 
2.126 2.078 2.008 
2.111 2.064 1.994 
2.097 2.050 1.981 
2.083 2.036 1.968 
2.068 2.022 1.955 
2.054 2.008 1.942 

Stand. error of e~t. 

0.030/0 
0.030/0 
0.050/0 
0.050/0 
0.030/0 
0.02% 
0.02% 
0.04% 
0.05% 
0.14% 
0.05% 
0.09% 
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T 100.0 

560 
580 59.3 
600 58.5 
620 57.7 
640 57.0 
660 56.3 
680 55.7 
700 55.1 
720 :;4.S 
740 54.0 
760 53.6 
780 53.2 
800 52.8 
820 52.5 
840 52.3 
860 52.0 
880 51.9 
900 51.7 
920 51.7 
940 51.6 
960 51.6 
980 51.7 

1000 
1020 
1040 

Mo; '70 ZnClz 

40.1 
60.9 
80.3 
86.6 
93.3 
96.9 

100.0 

JANZ ET AL. 

TABLE 46(,. Surface tension ,tudi",,: KCl·ZnCL 

Investigations critically re·examinpd 

Ref. Mol % I Tf'mp. range Comments 
ZnCl,: (TJ 

187 40.1-100 573-1073 Cell material: Capiliary of 

89'70Pt-ll '7oRu alloy; melt 
contained in PI crucible; 
(,alibration: capillary diameter 
mCQourcd with lnic:ro~copc 

318 ! 12.2-89.5 650-1158 

Comparison with NSRDS recommendations (tllis volume] 

Ref. 1\[0] 70 Min. departure Max. departure ZnC], 

.318 0 -1.1 '70 (1l48K) -2.44'/0 (l158K) 
318 100 -20.27% (848K) -23.19'70 (948K) 

Thol.e 167. KC1-ZnC],: Surface ten.jon (dyn em -1) 

96.9 

57 .. 3 
57.1 
56.9 
56.7 
56.5 
56.2 
56.0 

.15.8 
55.5 
55.2 
55.0 
54.7 
54.4 
54.1 
53.8 
53.5 
53.1 
52.S 

a 

128.3456 
91.3691 
43.2450 
45.5907 

-11.3582 
58.7231 

103.5767 

Mol oercent ZnC), 

93.3 86.6 

58.2 
58.3 
58.3 
58.3 

55.3 58.3 
5.1.7 58.3 
56.0 58.2 
56.3 5S.1 

56.4 58.0 
56.4, 57.8 
56.4 57.7 
.:;Ii? 57_5 

56.0 57.2 
55.7 57.0 
55.2 56.7 
54.7 56.-1 
54.1 56.1 
53.4 55.7 
52.6 55.4 
51.7 55.0 
50.7 
49.6 

Temperature.dependent equations 

'Y a+ bT+ CT2 

b' 10" 

-3.3339 
-0.5041 

6.5il7 
4.0180 

17.8578 
0.4508 

-11.0131 

80.3 

62.9 
62.9 
62.8 
62.7 
62.5 
62.3 
62.1 
61.8 
61.5 
61.1 
60.7 

flO. 1 
59.7 
59.1 
58.5 
57.9 
57.2 
56.5 
55.7 
54.9 
54.0 

c· 10" 

-1.6569 
-2.3374 
-5.4958 
-3.1594 

-11.7600 
-1.l502 

5.8369 

These values are based on the work of Ellis (maximum bubble pressure method) [187]. 
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60.9 40.1 

81.2 
80.6 
79.9 
79.3 
78.6 100.2 
77.9 99.1 
77.1 98.0 
76.4 96.9 
7::i.G 9:).8 

74.8 94.6 
74.0 93.4 
73.2 92.:~ 

72.1 91.1 

71.5 89.9 
70.6 88.7 
69.8 87.4 
68.8 86.2 
G7.9 84.9 
67.0 83.7 
66.0 82.4 
G5.0 8Ll 
64.0 79.8 
63.0 78.<±-
61.9 77.1 

I 75.8 

Stand. error of cst. 

0.77'70 
1.16% 
0.73% 
G.91 '70 
1.18% 
0.79% 
3.13% 
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LaCh-LaCh , Melt Preparation and Purification 

1000 

I LO-LoClg L
2

_ 

L, I L,+L 2 

9140 u 
~ 900 r L,+Y-La (55) f 

Pure lanthanum trichloride was prepared by Smirnov et 
al. [IiI, 99] by dissolution of analytical grade lanthanum 
oxide in analytical grade hydrochloric acid. After the solu
tion was concentrated with an excess of NH4Cl, the tem
perature was gradually raised to 600 DC and the salt was 
then melted in a quartz tube under vacuum. Analysis 
showed '56.59% La+3 and 42.91 % CI- (purity of the salt 
99.93% with respect to La and 98% with respect to cn. 
Equilibrium mixtures of lanthanum and its di- and tri
chlorides (containing :::::;86 mol % LaCb and 14 mol % 
LaCl:~) were prepared before each experiment in a molyb
denum crucible by reduction of the molten LaCI3 with an 
excess of metal at 1000 DC in an atmosphere of dry argon 
or helium. 

~I 
0 

L, + LaCI~ 

70 0 
C 

LoCI, 
20 

L,+.8-La 

LnCI~+!3 -La 

40 60 

Mol °'0 La 

8600 

8260 

80 

! 

-

100 
La 

FIGURE 83. Temperature·composition phase diagram for LaCb·LaCIa. 

F. S. Keneshea and H. Cubiccio, J. Chern. Eng. Data, 
6, 507 (l96I). 

TABLE 468. Density studies: LaCh·LaCI. 

T 

1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1210 

Mol percent LaC]. 

Ref. 

111 

Investigations critically 

LaC], 
Mol % 

14 

TAI>LE 469. LaCk·LaC!.: DensIty (g cm 0) 

14 T 

3.763 1250 
3.755 1260 
3.746 1270 
3.738 1280 
5.729 1:.!90 
3.720 1300 
3.712 1310 
3.703 1320 
3.695 

Temperature·clependent equallons 
p=a+ bT 

Mol percent LaCh 

Mol % LaC], a b • 103 

14 4.761 -0.860 

These values are based on the work of Smirnov et a1. (Archi
medean method) [Ill]. 

TABLE 470. Viscosity studies: LaCl.·LaCl. 

Investigations critically re·examined 

Ref. LtD. Temp. range Comments 
Mol % (T) 

99 14,100 1150-1265 Cell material: Mo sphere, steel 
suspension wire, erucible 
containing salt was placed in a 

f 

quartz tube; calibration: 
organic liquids and fused NaCl 

I 
used to check reliability of 
apparatus 

Temp. rall!,e 
(T) 

1158-1328 

14 

3.686 
3.677 
3.669 
3.660 
3.652 
3.643 
3.634 
3.626 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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Rpf. 

248' 

TABLE 4,71. LaCb·L&Cb: Viscosity (cp) 

T 

1150 
1160 
ll70 
11 SO 
ll90 
1200 
1210 
1220 

1230 
1240 
1250 
1260 

:'1101 percent LaC], 

100 

5.14 
4.91 
4.69 
4.4,9 

4,.29 

4.11 
3.94 
3.7S 

14 

3.09 
2.93 
2.79 
2.65 
2.52 
2.40 
2.29 
2.19 

2.09 
1.99 
1.9] 
1.82 

TABLE 472. Surface tension studies: LaCb·LaCIo 

Investigations critically re·examined 

LaCl, Temp. range 
Comments Mol % (TJ 

14,100 1165--1334 Cell material: )10 crucible and 
capillary; calibration: 
apparatus tested using mol ten 
NaCl 

'Smirnov et a1. (2481 reported that the only material found \0 he 
stable in contact with a molten laCb·LaCb mixture was molyb. 
denum. 

J. Phys. Chern. Ret. Oato, Vol. 4, No."4, 1975 

TABLE 47:3. LaCl,·LaCl,: Sudace tension (dyn cm-') 

T 

1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 

1250 
1260 
]270 
1290 

1290 
1300 
1310 
1320 

1330 

Mol percent LaC], 

100 

U8.1 
116.8 
115.5 
114.3 
ll3.0 
111.8 
llO.S 
109.2 

108.0 
106.7 

Temperature·dependent equations 
')' =a+ bT 

14, 

120.4-

119.5 
118.5 
117.6 
116.6 

115.6 
114.7 
113.7 
UIl.B 
111.8 

Stand. 
l\fo] '70 LaC]., a b· J02 error 

of est. 

14 239.7 -9.615 0.10% 
lUll 265.8 -12.628 0.170/0 

These values are based on the work of Smlfnov e\ al. (maximum 
bubble pressure method) [24.8]. 

laCb-liCI 

Melt Preparation and Purification 

The preparation of pure LiCI hy Smirnov and Stepanov 
[176) is discussed under the CsCl·LiCl system. Lanthanum 
trichloride was prepared [154,176) as discussed under 
the LaCb-LaCh system. 

Smirnov and Khokhlov [173] purified their LiCl hy 
double recrystallization from distilled water followed by 
drying in a low-pressure argon atmosphere. The hexahy
drate salt of LaCh was dried with NH4CI and fused in an 
argon atmosphere. The pure salts were stored over P205 
in a desiccator. 

Ref. 

154 

TABLE 474. Electrical conductance studies: LaCL-LiCI 

Investigations <.:ritically re·examined 

LiCl Temp. range Comments 
Mol % (T) 

0-89.96 1073-1223 Cell material: Alundum 
crucible inside sealed quartz 
tube; electrodes: Mo wire; 
freq. range: 50,000 Hz; 
calibration: molten KCI 

[154J report in 
the form of ' linear temperature dependent equations with standard 
deviations in the range: 2 X 10- 3 ohm- 1 cm- 1 (0 mol 'Yo LiCI) to 
14 X 10- 3 ohm- 1 em -1 (70.37 mol % LiCl). 



T 100 89.96 

]080 6.640 4.666 
1090 6.679 4.707 
1100 6.716 4.7,n 
1110 6.753 4.788 
1120 6.789 4.829 
1130 6.824 4.870 
1140 6.858 4911 

1150 6.890 ,t951 
1160 6.923 4.992 
1170 6.954 5.033 
1180 6.985 5.074 
1190 7.014 5.115 
1200 7.043 5.155 
]210 7.070 5.196' 
1220 7.097 5.237 
]230 7.123 
1240 7.148 
1250 7.172 
]260 7.195 
1270 7.217 

Mol % Liel 

0 
19.97 
34.99 
40.'1B 

60.00 
70.37 
79.94 
89.96 

]00 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 475. LaCh-LiCl: cDnductance (ohm -1 cm - I) 

79.94 

3.736 
3.767 
3.798 
3.B29 
3.860 
3.891 
~t9?2 

3.953 
3.985 
4.016 
4.047 
4.078 
4.109 
4.140 
4.171 

I 

I 

a 

-1.673 
-2.206 
-1.835 
-1.497 
-0.492 
-0.287 
-0.374 
-0.259 
-2.885 

Mol % LiCI 

70.37 60.00 

3.093 2.598 
3.124 2.629 
3.155 2.656 
3.186 2.684 
3.218 2.713 
3.249 2.741 
3.280 2.770 

3.312 2.799 
3.343 2.827 
3.374 2.856 

I :l.40!1 ?RM 

3.437 2.91.3 
3.468 2.942 
3.499 2.970 
.3.5:31 2.999 

Temperature·dependent equations 
K::::: a"';'" bT + CT2 

b • 1U" 

2.562 
3.330 
3.262 
3.290 
2.861 
3.129 ~ 

3.113 
4.080 

13.738 

46.93 

2.056 
2.089 
2.122 
2.155 
2.188 
2.221 
2.251 

2.287 
2.320 
2.353 
?3B5 

2.418 
2.451 , 

2.484 
, 

2.517 

c· JO" 

0 
0 
0 
0 
0 
0 
0 
0 

-4.554 

These values are based on the work of Smirnov and Khokhlov (classical ac technique) [154]. 

TABLE 476. Density studies: LaCln·LiCI 

Investigations criticallv re-examined 

Ref. LiCl Temp. range 
Comments Mol 0/0 (T) 

176 11.4--100 1073-1173 Cel! material: Mo or Pt 
capillary tube and cmcible 

Comment: Smirnov and Stcpanov report their density dllta ill the 
form of linear tempcn~,tul·C dtVI:JlI.lclll etjuaLjVJJ:5 with standard devia
tions of ±0.002 g em -3 [176]. 

1091 

34.99 19.97 0 

1.688 1.391 
1.720 1.4·24 
1.753 1.457 
1.786 1.491 
1.818 1.524 
1.851 1.557 
1.8B3 1.590 1.248 

1.916 1.624 1.2i3 
1.949 1.657 1.299 
1.981 1.690 1.325 
2.0lt1 1.724- 1.350 

2.047 1.757 1.376 
2.079 1.790 1.402 
2.112 1.824 1.427 
2.144 1.857 1.453 

( 

! Standard deviation 

0.002 
0.006 
0.0]0 
0.007 
0.004 
0.014 
0.009 
0.009 
0.008 
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T 

880 
900 
920 
940 
960 
980 

1000 
1020 
1040 
1060 
1080 
1090 
noD 
1110 
1120 
1130 
114O 
1150 
1160 
1170 

TABLE 477. LaC]'·LiCI: Densitv (g em -3'; 

100 

1.504 
1.495 

" 1.486 
1.477 
1.469 
1.460 
1.451 
1.442 
1.433 
1.424 

Mol % LiCl 

87.7 75.8 63.2 50.7 38.8 

; 

i 

1.881 2.208 2.46R 2./i/i9 2Jl2~ 

1.876 2.203 : 2.464 2.664 2.818 
1.872 2.198 2.459 2.659 2.81.3 

! 1.867 2.194 2.454 2.655 2.808 
1.862 2.189 2.450 2.650 2.803 
1.858 2.185 2.445 2.645 2.798 
1.853 : 2.180 2.440 " 2.640 2.793 
1.849 2.176 2.435 2.636 2.788 
1.844 2.171 2.431 2.631 2.783 
1.839 2.167 2.426 2.626 2.7i6 

Temperature·dependent equations 

p = a + bT 

25.0 11.4 

2.97S ~.104 

2.970 3.099 
2.965 I 3.093 
2.959 3.087 
2.954 3.082 
2.949 3.076 
2.944 3.070 
2.939 3.065 
2.93.3 3.059 
2.928 3.054 

Mol 70 Lie] I u b· 10' 

11.4 
25.0 
38.8 
50.7 
63.2 
75.8 
87.7 

100 

I 3.710 
3.540 
3.372 
3.174 
2.976 
2.699 
2.381 
1.8965 

-5.61 
-5.23 
-5.08 
-4.68 
-4.70 
-4.55 
-4.63 
-4.458 

These values are based on the work of Smirnoy and Stepano\' 
(modified maximum bubble pressure method) [176]. The tempera· 
ture range for density data over the concentration range 11.4 to 
87.7 mol % Li CI was assumed to be the same as tbat reDortcd for 
the surface tension data in reference [176]. . 

TABLE 478. Viscosity studies: LaCla·LiCI 

Investigations critically re·examined 

Ref. Liel Temp. range 
11101% IT) Comments 

173 I 0,25.0, 1160-1245 Cell material: Mo sphere, steel 
50.7, 75.8 

I 

suspension wire, melt contained 

in a PI or Mo crucible; calibra· 
tion: method tested b\' mC3511TC· 

ments on organic liquids and 
fused NaC] 

DeviatIOns from previous NSRDS recommendations: [1, p. 8] 

LiCl \ Ref. Mol % l\"lin. departure Max. departure 

173 o! -0.59% (1190 K) -.3.40'70 11240 K) 

Comment: Experimental details concerning rl'fpTPn,'" [17~J ar" 
discussed under the CsCI·LaCI, system. 

J. Phys. Chern. Ref. Dcta, Vol. 4, No.4, 1975 

TABLE 4·79. LaC]'·LiCI: Viscosity kp) 

Mol % LiCI 

T 75.8 50.7 25.0 0.0 

1060 2.14 3.53 
1070 2.07 3.40 5.58 
lOBO 2.00 3.28 5.33 
1090 1.94 3.16 5.09 
1100 1.88 ::1.05 4.87 
1110 1.83 2.95 4.67 
ll20 1.78 :2.BS 4.47 
1130 1.73 2.76 4.29 
1140 1.68 2.67 4.12 
1150 1.63 2.58 3.96 6.35 
1160 1..19 2.S0 HIO fiOO 

1170 1.55 2.42 3.66 5.68 
1180 1.51 2.35 3.52 5.38 
1190 5.11 
1200 4.85 
1210 4.61 
1220 

I 
4.38 

1230 4.17 
1240 3.97 

Temperature.dependent equations 

'7 A' exp (E/RT) 

Mol % Liel A • 102 E I Stand. Deviation (cal/mol) 

0.0 0.984 14782 0.02 
25.0 4.046 10473 0.02 
50.7 6.486 8418 0.02 
7:).8 0.887 "'233 U.U3 

These values are based on the work of Smirnov and Khokhlov 
(oscillating sphere method) [173]. 

~ 
~ 

III ... 
.E 
E 
<Il 
<>. 
E 
i!!-

LaCh-NaCI 

1200r---~----T---~----~--~ 

LaCI 3 - NaCI 
1100 

[000 

900 

800 

700 

600~--~--~----~--~--~ a 20 40 60 
LoCI 15 

Mole %NaCI 

80 100 
Noel 

FIGllRF. 84. Temperature·composition phase diagram for LcCb.NaCl. 

G. I. Novikov and A. K. EaeY, Izv. Akad. Nauk S.S.S.R., 
22, 116 (1%1). 



T 100 

1070 
1080 
1090 
llOO 1 
1110 I 

n:.:u 3.404 
1130 3.417 
1140 3.431 
Il50 3.446 
1160 3.461 
1170 3.478 
1180 3.495 
1190 3.514 
1200 3.::;33 
1210 
1220 
1230 
1240 
1250 
1260 

Mol % ~aCI 

15.14 
29.78 
44.98 
54.89 
66.70 
7913 
86.83 

100.00 

PROPERTIES OF CHLORIDES AND MIXTURES 

Melt Preparation and Purification 

The preparation of LaCla by Forthmann et aJ. [186J is 
described under the system KCI-NdCIg, while that used by 
Cho and Kuroda [220] is described under the system 
KCI-LaCla• 

TABLE 480. Electrical conductance studies: LaC]'·NaCI 

Investigations critically re·examined 

Ref. NaCl Temp. range Commonto 
Mol '(0 It) 

186 0-100 (g) 1185 Cell material: quartz capjlJary 

I 
cell; Pt electrodes; freq. range: 
100,000-250,000 Hz: calibra· 
tion: molten NaC), KCI 
and CsCI 

220 15-100 1060-1260 Cell material: quartz capillary 
cell; Pt electrodes; calibration: 
molten KCI 

TABLE 481. LaClo·NaCI: conductance (ohm -1 em -1) 

86.83 

2.012 
2.036 
2.059 
2.082 
2.104 
2.126 
2.148 
2.168 
2.188 
2.208 
2.227 
2.246 

2.264 
2.281 

Mol percent NaC) 

79.13 66.70 54.89 

1.260 
1.291 
1.321 
1.351 

1.558 1.312 1.379 
1.587 1.346 1.407 
1.616 1.379 1.435 
1.644 1.411 1.461 
1.670 1.442 1.487 
1.696 1.472 1.511 
1.720 I 1.501 1.535 
1.743 

I 
1.528 1.559 ! 

1.765 i 1.555 1.581 
1.786 i 1.b8U l.OU3 

1.806 i 
1.605 

1.825 1.628 

Temperature.dependent equations 
K = a + bT + cT" 

a b. 103 

- 1.5372 3.453 
- 0.8995 2.139 
-15.9240 , 35.321 
- 3.7242 9.364 
- 5.3039 12.352 

1.9636 12.310 

- 1.7952 6.892 
5.5935 -6.419 

44.98 

1.188 
1.228 
1.264 
1.296 
1.325 
1.351 
1.373 
1.391 
1.406 

1093 

29.78 15.14 

1.114 
0.811 1.170 
0.827 1.196 
0.844 1.222 
0.861 1.247 
0.877 1.273 
0.894 1.298 

1.324 
1.349 
1.374 
1.399 

c· 10" 

- 0.484 
- 0.259 
-17.974 
- 3.902 
- 5.313 

5.541 

- 2.732 
4.527 

These values are based on the work of Cho and Kuroda (classical ac technique) [220J. 

TABLE 482. Density studies: LaCI.·NaCI 

Investigations critically re·examined 

Ref. NaCI Temp. range Comments Mol % (T) 

220 15-100 1090-1280 Cell material: quartz vessel; 

I calibration: molten KCl 

J. Phys. Chern. Rei. Data, Vol. 4, No.4, 1975 
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TABLE 483. LaCl,·NaCl: Density (g em-B) 

IVlul perrent NaCl 

T 100 95.01 86.83 ! 79.13 66.70 54.89 44.98 29.7fl 1.0.14 

1090 2.098 
1100 2.092 ; 
IIlO 1.666 2.086 i I 

ll20 1.661 2.081 2.635 

\ 

1130 1.656 2.075 2.629 B.035 
1140 1.520 1.650 2.069 2.490 2.623 2.R83 3.028 
1150 1.515 1.645 2.064 2.4.83 2.617 2.877 3.021 
1100 L:l1li 1.b4U ~.U5!l 2.jtJV ~.47() <:.611 :2.!l11 'l.U14 
1I70 1.505 1.634 2.052 2.~43 2.469 2.606 2.864 3.007 
1I80 1.500 1.629 1.832 2.047 2.336 2.463 2.600 i 2.858 3.001 
1190 1.495 1.624 1.825 2.041 2.330 2.456 2.594· I 2.852 2.994 
1200 1.490 1.619 1.817 2.035 2.32.3 2.449 2.588 2.845 2.987 
1210 1.485 1.613 1.809 2.030 2.316 2.442 2.582 2.839 2.980 
1220 1.481 1.608 1.801 2.024 2 .. 310 2.436 2.577 2.833 2.974 
1230 1.476 1.603 1.793 2.G18 2.303 2.429 2.571 2.961 
1240 IA7l 1.,,97 1.70:; 2.013 2.296 2.422 2.rili!i 2.960 
1250 1.466 1.592 1.777 2.007 2.290 2.416 I 2.559 2.953 
1260 ! 1.587 

i 
1.769 2.001 2.283 

i 

2.553 2.946 
1270 

i 
1.582 1.761 2.277 

Temperature·dependent equations 

p = a + bT 

Mol '70 NaC! a b·W 
15.14 3.6151 -0.6779 
29.78 3.4319 -0,(;330 
44.98 3.1250 -0.5792 

·54.89 3.0733 -0.6734 
66.70 2Q.iil2 -Ofifi:lA 
79.13. 2.5623 -v.5687 
86.83 2.5542 -0.7959 
95.01 2.1079 -0.5280 

100.00 1.9517 -0.4977 

Throe values are based on the work of Cho and Kuroda (dilatomctric method) [2.20]. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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LaCiJ-RbCI 

Melt Preparation and Purification 

The preparation of LaCb by Forthmann ct a1. [186] 
is described under the system KCl-NdCla. 

TABLE 484. Electrkal conductance studies: LaCl,-RbCI 

Investigations critically re-examined 

Ref. RbCl Temp. range Comments 
Mol % (T) 

186'" 0-100 (g) 1195 Cell material: quartz capillary 
cell; Pt electrodes; freq. range: 
100,000-250,000 Hz; calibra-
tion: molten NaC!, KCl and 
CsCI 

'Equivalent conductivities were reported. 
"Refer to oy.tcm KCI-NdCI. .. 

TABLE 485. LaCla-RbCl: Molar conductance (ohm- 1 cm2 mor ' ) 

:Mol % LaCt, 1195 K Mol % LaC]" 1195K 

0 122. 60 80.0 
10 112. 70 81.7 
20 102_ 80 88.3 
30 93.2 90 105. 
40 86.3 100 126. 
50 82.0 

These values were interpolated to three significant figures from the graphical presentation of Forthmann, Vogel and Schneider (classical·ac 
technique) [186]_ 

LiCI-MgCh 

I I 

Li CI- MgCI 2 

7001-

650~ 

( 
f 
10 -

/ 
/ 

600~ _ j 
lo~~ 

-

550L-~ __ ~1 __ -L ___ ~1~ __ _ 

o 
Liel 

20 40 60 

Mol % MgCI2. 

I 

80 100 
MgClz 

FIGURE 85. Temperature-composition phase diagram for LiCl-MgCl2• 

C. Sandonnini, Atti della Reale Accad. dei Lincei, (05), 
22, I; 629 (19]3). 

Melt Preparation and Purific;ation 

Matsushima and Ito [77] purified the chloride salts by 
introducing 400-600 grams of sample into a quartz vessel 
followed by drying in vacuum for 12 hours at 150°C, 
3 hours at lI,oO °C and a final drying at a temperature 
slightly above the melting point. The molten salt was swept, 
first with dry Hel gas for 2 hours, then argon for 30 

minutes followed by evacuation for 30 minutes. Samples 
were sealed under argon in quartz tubes. Magnesium 
chloride and lithium chloride, purified by the above pro
cedure, were mixed in a desired composition and further 
purified in an identical manner. 

Lillebuen [130] and Grjotheim [133J used Baker p.a. 
LiCl (min. 99_8%) which was dried by slowly heating to 
400 °C under an inert gas atmosphere. The preparation of 
pure MgCb is described under the system CaCI2-MgCb 

TABLE 486. Electrical conductance studies: T ;r1. ~1grl. 

T. critically re-examined 

Ref. MgCb Temp. range 
Comments Mol % (1') 

77' 4.7-40 898-1148 Cell material: Pyrex capillary 
cell; Pt electrodes; freq. 
range: 1000-20,000 Hz; calibra-
tion: molten KCl 

'Matsushima and Ito [77J found a change of :::0.03% in the cell 
constant of their conductivity cell before and after each experiment. 
The effect of temperature on the cell constant (""1000-2000 em -1) 
was about ±0.15% in the temperature range 1063-1173 K and the 
change due to frequency was ±0.03% in the range 1000-20,000 Hz. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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T 10.0 

910 2.87 
920 2.90 
930 2.94 
940 2.98 

950 3.01 
960 3.05 
970 3.08 
980 3.11 

990 3.14 
1000 3.18 
1010 3.21 
1O~0 ~ 324 
1030 3.26 
1040 3.29 
1050 3.32 
1060 .'l.3~ 

1070 3.37 
lOBO 

I 
3.40 

1090 3.42 
1100 3.45 
lllD 3.47 
1I20 3.49 
1130 3.51 

Mol % 'IIIgCl, 

4.7 
10.0 
16.0 
20.0 
30.0 
40.0 

l'II))(l11l"1allf'1' \ :dlJl! 1 t'Jll- 1 ) 

Mol percent MgCl, 

30.0 20.0 16.0 

a.28 4.04 \ 4.37 

3.32 4.08 4.42 

3.36 4.13 4.46 
3.40 4.17 4.51 

3.43 4.21 4.55 

3.47 4.26 4.59 
3.51 4.30 4.63 
3.54 4.34 4.67 

3.58 4.38 4.71 

3.61 4.41 4.75 
: 3.65 4.45 4.79 

368 449 .' 4. 3 

3.71 4.52 4.B6 
3.74 4.55 4.90 
3.77 4.59 , 4.93 
.'l.BO 4.fi?' 4.9!i 
3.B3 4.65 4.99 
3.85 4.68 5.02 
3.88 4.71 5.05 
3.91 4,.73 5.08 
3.93 4.76 5.10 
3.95 4.78 5.13 
3.98 4.81 5.15 

'Tp.mppr~tllrp-d~ppnrtpt'lt fO'qu~ti{)n<;: 

K == a + bT + CT2 

-5.000 
-4.811 
-4.374 
-4.712 
-4.007 
-3.717 I 

b • 10~ 

17.572 
16.234 
14..466 
14.526 
11.879 
10.692 

]0.0 1.i 

4.90 i 5.47 

4.95 5.52 
5.00 5.57 
5.05 5.62 

5.10 5.67 
5.14 5.72 
5.19 05.77 
5.23 5.81 

5.27 5.86 
5.31 5.90 
5.35 5.94 
5 ~9 .. 5. 9B 
5.43 6.02 
5.46 

, 
6.06 i 

5.50 (>.10 
S S., fiB 
5.56 6.17 
5.60 6.20 
5.63 6.23 
5.65 6.26 
5.68 6.29 
5.71 6.31 
5.73 6.34 

c. lOr. 

-6.67 
-6.11 
-5.34 
-5,40 
-4.26 
-:3.80 

These values arc based on t:le work of Ivlatsushima and Ito 
(classical ac technique) [77]. 

TABLE 488. studies: LiCl·l\fgCb 

Investigations critically re·examined 

Rd. MII:CL, Tem!l. range Couuuel1l~ 
'1110110 IT) 

7Tt 4.7-40 898-1148 Cell material: quartz hob 
and quartz vessel 
containing I11l'lt 

130" 0-100 902-1125 Cell material: Pt·10'/'oRh 
sinker and Pt.107cRh 
suspension wire; calibra-
tion: water 

133h ,o ... 0-100 1073 Cell material and cali· 
bra tion: as for 130 

l':Ib U-lUU rg) YHl-l1lJj Lell material: 1't sphere j 
calibration: mohen Nae] 

D,>Yi'l!ions from previous NSRDS recommendations: [1, pp .. 1. 6] 

Rei. I MgCL 
:Mol '70 

130 )1 100 
130. 0 

J'din. departure 

0.30% (I017K) 
0.41% ( 933 K) 

Max. departure 

0.49'10 (1099 K) 
0.62% (l015 K) 

'Matsushima and Ito [7iJ noted that no corrosion of their quartz 
bob or vessel occnrred providing the salts had been thoroughly 

purified. 
"Lillebucn [130] and Grjotheim et a1. [133J used an apparatus 

similar to the one described by J anz and Lorenz ritev. ScI. Instr., 
31, 18, 19(0) in whkh a pin of known dimensions was fixed to the 
10wl'1' ~nd of an Archimedean density bob, thus permitting simuI· 
tan~ous measurement of surface tension and density. Corrections 
were dpp1i.ed {or the I'.:.~ficct (If t)udace tt~n::-ion. Clnd lor c-xpan~ion of 

the suspension wire. Density measurements were reproducible to 
within ±0.3% and total corrections on the ohserved densities were 
h<'lwcen 0.:3 to 0.4'70. 

'l\lixtures reported graphically. 
"Data from reference [130J. 

TABLE 489. LiCk\1gCl,: Densit)' !g cm- 3 ) 

l' 

910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 

1060 
1070 
1080 
1090 
1100 
1110 
1120 

I 
, 

100 

1.674 
1.671 
1.668 
1.666 

1.663 
1.66{} 

1.658 
1.655 

77.4 

1.705 
1.701 
1.696 
1.692 
1.687 
1.683 
1.679 

J. Phys. Chern, Ref. Date, Vol. 4, No, 4, 1975 

Mol percent MgCIo 

56.4 1 45.s. 

1.669 1.637 
1.664 1.632 
1.659 1.627 
1.654 1.623 
1.649 1.618 
1.644 1.614 
1.639 1.609 
1.G:J4 1.604 

1.629 1.!iOO 
1.624, 1.595 

1.590 

30.8 1B.O I 5.7 0.0 

! 1.495 
1.491 
1.487 
1.483 
1.4-79 

I 1.475 

I 
1.471 

1.550 1.467 

1.545 1.463 
1.540 1.459 

, 1.535 1.455 
1.577 i 1.530 1.451 
1.572 1.525 1.494 1.447 
1.566 1.520 1.485 1.443 
1.561 1.515 1.477 1.459 

1.555 1.510 1.468 
1.550 1.505 1.459 
-1.;:144 1.500 1.450 

i 

1.~:;39 1.141 
1.533 l.1:32 
1.528 1.42:1 
1.522 1.414 
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TABLE 489. LiCl·MgCb: Density (g em -a) -Continued 

Temperature.dependent equations 
p a + bT 

Mol % MgCl2 a b'10' Stand. error 
of est. 

0.0 1.8561 -3.9698 0.13% 
5.7 2.4116 -8.9056 : 0.050/0 

18.0 2.0351 -4.9534 0.020/0 
30.8 2.1408 -5.5248 0.02% 
45.4 2.0892 -4.6178 0.040/0 
56.4 21/l2.~ -SOMR n04o/~ 

77.4 2.1334 -4.4146 0.02% 
100.0 1.9483 -2.6917 0.03'70 

These values are based on the work of Lillebuen (ATchlmedean method) [130]. 

TABLE 490. Vi,co.ity .tud;"., LiCl·MgCl. 

Investigations critically re·examined 

Deviations from previous NSRDS recommendations: [1, p. 4] 

Ref. MgCl, Mill. U~!H:U lUi v Ma.,. UC}JUI lUl e Mol % 

88 0 -1.20/0 (911 K) 9.6% (1023 K) 

TABLE 491. LHA'l"l!!\~j,: Viscosity (cp) 

::vIol percent MgCl2 

T 100 71.6 50.9 40.0 30.8 22.9 19.3 16.0 10.0 7.3 4.7 0 

920 1.42 1.52 
930 1.65 1.39 1.33 1.47 
940 . 2.04 1.61 1.50 1.55 1.46 1.47 1.36 1.32 1.42 
950 1.98 1.58 1.47 1.50 1.42 1.41 1.34 1.30 1.38 
960 1.92 1.63 1.54 1.45 1.45 1.38 1.36 1.30 1.31 1.28 1.34 
970 1.87 1.58 1.50 1.42 1.41 1.35 1.32 1.29 1.27 1.25 1.30 
980 ! 1.82 1.53 1.47 1.40 1.37 1.31 1.28 1.28 1.24 1.22 1.26 

990 1.76 1.49 1.43 1.37 1.34 1.27 1.25 1.26 1.20 1.19 1.23 

1000 1.71 1.45 1.39 1.34 1.31 1.24 1.23 1.23 1.17 1.15 1.20 
1010 2.16 1.(;7 1.41 I 1.3(; 1.32 1.20 1.20 1.20 1.19 1.13 1.17 

1020 2.10 
! 1.32 1.26 1.16 1.19 1.15 1.14 

1030 2.04 1.29 1.10 
1040 1.98 
1050 1.93 , 
1060 1.88 

1 

1070 1.83 
l090 1.79 
1100 1.75 
1110 1.71 
1120 1.67 

I I 
1130 1.63 
1140 1.60 : 

J. Phys. Cham. Ref. Data, Vol. 4, No.4, ·1975 
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~ = a + bT + ef2 

Mol % MgCl, a b· 10" C. 105 

0 18.0426 -3.0698 1.3850 
4_7 -lRS9.1R 4_:-lSRR -2.:3921 

7.3 2.774:3 1.1627 -0.7685 

10.0 -33.0602 7.1770 -:1.7482 

16.0 30.3873 -5.5918 2.6756 

19.3 4.9416 -0.3706 0 
22.9 24.4338 -4.3455 2.0328 

30.8 3.9577 -0.2614. 0 

40.0 5.0241 -0.3630 0 

50.9 25.0771 -4·.3173 1.9841 

71.6 13.5675 -1.8764 

I 
0.6911 

100 21.5293 -3.3li2 1.2864 

These values arc based on the work 01 Bondarcnko (. o~cillating sph~re method) [88]. 

T 100.0 

910 
920 
930 
940 

I 950 
960 
970 

! 980 
990 

1000 
1010 62.2 
1020 622 
1030 62.2 
1040 62.2 
l050 62.1 
1060 62.1 
1070 62.1 
108::1 62.0 
1090 62.0 

TABLE 492. Surface tension studies: LiCI·MgCl, 

lnvestigations critically re·examined 

Ref. 
MgCh Temp. range Comments 

Mol % (T) 

253" 0-100 903-1169 Cell material: density ~inkcr 
:tntl T'ntl for IO:;l1rf:.:l{'(> t,.,.n.::.;on 

measurements was mnde from 

Pt·lO%Rh alloy, pin made 
from PI; calibration: measure· 
ments on pure salts 

2S8" 0-100 1073 As for 253 

Deviations from previous NSRDS recommendations [2, pp. 57. 59J 

Ref. MgC10 Min. departure I :'I1ax. departure :'1101 0/0 

253 100 -5.90/0 (l073 K) -6.70/0 (1002 K) 

253 0 -1.2% ( 902 K) -2.8'70 (1059 K) 

'Lillebuen [253J reporls a reproducibility for sLlrface tens;on 
measurements of ±1 ,}"o. 

"Mixtures reported graphically. 

TABLE 493. LiCl.MgCl.: Surface tension Idyn em-I) 

:'1101 percent MgC]" 

73.5 56.4 53.1 ,.5.1 36.2 

! 
94.1 
93.8 

84.S 93.4 
73.4 84.3 93.0 
73.3 84.0 92.7 

73.2 79.9 83.7 92.3 
73.0 79.7 83.5 86.1 92.0 
72.9 79,4 83.2 85.8 91.6 

72.8 79.2 82.9 85.6 91.2 
72.6 78.9 82.7 85.3 90.9 
72 ;; 7Bn B'l.,j. RS 1 90.5 

72.4 

I 
78.4- 82.1 84.8 

72.4 78.1 81.9 84.6 

72.~ 77.9 

1 
I 

84.:) 
72.0 

i 

77.6 84.1 

I 77.3 83.8 

I 
77.1 

I 
8:1.6 ! 

J. I'hys. Chern. Ref. Data, Vol. 4, No.4, 1975 

-- - ---
Sland. error 

of cst. 

0.4170 
0.23% 
0.60% 
1.9,'}o/0 
2.440/0 
2.19% 
2.249'0 
0.6J% 
2.40% 
0.82% 
0.63% 
1.21 '}"c 

18.0 17.2 0.0 

I 
12S.8 
12S.1 
124.4 
123.7 

105.1 123.0 
104.6 122.3 

104.1 121.0 
103.6 120.9 

102.4 103.2 120.2 
101.9 102.7 ]]9.S 

101.4 102.2 ]]8.9 
IDI.G 10].7 llR2 

100.5 101.2 117 .. 5 

100.0 100.7 116.8 
II 6. I 

I 
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TABLE 493. L-II,1'111Ig'_1,: Surface tension em-')-Continued 

'Mol percent MgCL -
T 100.0 73.5 56.4 53.1 45.~ 36.2 18.0 17.2 0.0 

1100 62.0 
1110 61.9 
ll20 61.9 
ll30 61.9 
1140 61.8 
1150 61.8 
ll60 61.8 

Temperature·dependent equations 

'Y = a +bT 

Mol % MgC]' a h • 1()2 Stand. error 
ot est. 

0.0 189.2378 -6.9694 0.070/0 
17.2 152.5166 -4.9870 0.090/0 
18.0 149.7022 -4.7791 0.030/0 
36.2 127.1996 -3.5963 0.070/0 
45.4 110.3943 -2.4826 0.12% 
53.1 109.3989 -2.6473 0.040/0 
56.4 105.1314 -2.5978 0.11% 
73.5 H6.U7HY -1.3302 0.080/0 

100.0 65.3426 -0.3073 0.09% 

These values arc based on the work of LiIlebuen (pin detachment method) {253]. 

LiCI-MnCh 
700 

LiCI- MnCI 2 

u 
0 ......... 
(]) 600 
l..... 
:::;5 ....... 0 
0 
"- :-0----0' 
(]) 

Cl. 
E 
~ 

500 

o 20 40 60 80 100 

Liel 

Mol 
P,GUllf. 00. Tempc:31ure.composltlOn phase diagram for LiCI·:MnCL 

C. Sandonnini and G. Scarpa, Atti della Reale Accad. 
dci Lincei, (5), 22, ll, 163 (1913).' 

TABLE 494. Density studies: LiCI.MnC]' 

Investigations critically re·examined 

Ref. MnCl. Temp. rc.nge 
Comments Mol % (T) 

202 0-100 929-1123 l:::eIl material: quartz ball 
containing tungsten for weight; 
calibration: water and eel. 

DeViatIOns from prevlOUS NSRDS recommendations: [1, p. 9] 

Ref. 

202 

Mnel, 
Mol % 

100 

Min. departure I Max. departure 

0.040/0 (960 K) I -0.430/0 (1020 K) 

J. Phys. Chern. Ref. Data, Vol. 4, NQ. 4, 1975 



1100 

T 100 90 

940 2.348 
950 2.342 2.292 
960 2.337 2.287 
970 2.331 2.281 
980 2.325 2.276 
990 2.:319 2.270 

1000 2.313 2.264 
1010 2.308 2.259 
1020 2.302 2.253 
1030 2.248 
10'W 2.242 
]050 
1060 
1070 
1080 
1090 I 
lIOO 

I 
1110 

i 1120 

a b. ]04 

2.88953 -5.760il 

80 

2.245 
2.240 
2.234 
2.229 
2.223 
2.218 
2.213 
2.207 
2.202 
2.196 

C. lOS 

JANZ ET AL. 

TABLE 495. LiCl·lvlnCb: Density (g em-a) 

Mol percent l\fnC~2 

70 60 50 40 30 

2.188 2.123 ].867 
2.182 2.118 2.045 1.960 1.863 
2.177 2.113 2.040 1.956 l.858 
2.172 2.108 2.035 1.951 1.854 
2.167 2.103 2.030 1.946 1.849 
2.161 2.098 2.025 1.942 1.844 
2.156 2.093 2.020 1.937 1.840 
2.151 2.088 2.016 1.932 1.835 
2.146 2.083 2.011 1.927 1.831 

, 
i 

.. 
Two·dlmensJOnal equa lIon and sla tlstIcal parameters 

p = a + bT + cC + dC2 + eC3 + fCT' 

d' lOG e' 101 f • 1010 

-5.73125 -2.24036 -3.57931 8.76495 

20 10 

1.754 
1.749 
1. 745 1.6]4 
1.741 1.610 
1.736 1.606 
1.732 1.602 
1.727 1.597 
1.723 1.593 
1.719 1.589 

1.585 
1.581 

l 1 

Max. percent 
departure 

-0.25% 
(1019.2 K, 30 
mol % LiC]) 

These values are based on the work of Markov et al. (Archlmedean method) [2U.2]. C = mol 'Yo LICJ. 

TABLE 496. LiCl·r-.lnCl,: Density (g cm-S) 

Mol percent :MnCl. -
T ]00 90 80 70 60 40 20 

930 2.195 
940 2.350 2.243 2.190 2.119 1.754 
950 2.344 2.292 2.238 2.185 2.114 I 1.962 1.749 
9GO 2.338 2.287 . 2.233 . 2.181 2.109 1.9::'/ 1.745 
970 2.331 2.281 2.228 2.176 2.104 1.952 1.740 
980 2.325 2.275 2.223 2.171 2.099 1.948 1.736 
990 2.319 2.269 2.218 2.166 2.094 1.943 1.731 

lOO() 2.313 
J 

2.263 2.21::1 2.1Gl 2.0()9 1.9:>8 1.727 
1010 2.307 I 2.258 2.208 I 2.156 2.085 1.934 1.722 
1020 2.301 2.252 2.203 2.151 2.080 1.929 1.718 
1030 2.246 
1040 2.210 
1050 
1060 1.425 
1070 1.421 
1080 1.417 
1090 1.412 
1100 1.408 
mo i 1.404 
1120 

i 1.399 

l. Phys. Chern. Ref. Pa'a, Vol. 4, No.4, 1975 

0 52 

2.065 
2.060 
2.055 
2.050 

I. 2.046 
i 2.041 

2.036 
2.031 
2.026 

1.424 
1.420 
1.416 
1.412 
1.408 
1.405 
1.401 

Stand. error 
of est. 

0.13% 

0 
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TABLE 496. LiCl.l\1nCb: Density (g em - 3) -Continued 

Temperature·dependent equations 
p a+ br 

Compo 
mol % MnC]' 

o 
20 
40 
60 
70 
SO 

90 
100 

a 

1.884 
2.177 
2.404 
2.574 
2.651 
2.713 
2.843 
2.928 

b' 10' 

-4.33 
-4.50 
-4.66 
-4.85 
-4.90 

5.00 
-5.80 
-6.15 

These values are based on the work of Markov et a1 (Archimedean method) [202]. 

LiCI·NaCI 
800 

LiCI-NaCI 

700 Liquid 
(3 
a.. 
e 

610· .;: 606· 
12 600 

575· <Il 
_..§.§§. • ..£l 0. 558· E 

~ (3 u {3 
'\ 

(3 
...J 

500 
'" U z '" (\I z 

a 20 40 60 80 100 
NaGI Liel 

Mole % Liel 

FICURE 87. Temperature.composition phase diagram for LiCl·NaCl. 

A. K. Akopov and A. G. Bergman, Zh. Neorgan. Khim., 
11 [7], 1751 (1966); Russ. J. lnorg. Chem. (English 
Transl.) 937 (1966); A. S. Arabadzhan and A. G. 
Bergman, Zh. Neorgan. Khim., 7 [9], 2262 (1962); 
Russ. J. 1norg. Chem. (English Transl.) 1153 (962). 

Melt Preparation and Purification 

The purification of NaCI and LiCI by Zuca and Olteanu 
[Ill is described under the system CsCI·LiCl. 

Sakai and Suzuki [127] studied the electrical conduct· 
ance of melts composed of NbaCIg and various alkali 
halides. The melt was prepared by mixing NbaCls with 
sodium chloride and lithium chloride in a Vycor glass 
tube under argon. The molten mixture was quickly cooled 
to room temperature and was crushed into suitable sizes 
in an argon glove box. 

TABLE 497. Electrical conductance studies: LiCl·NaCl 

lnveetigations critical1y re-examined 

Ref LiCI Temp range Comments 
Mol% (T) 

n 50 912-1130 Cell rna lerial: quartz or silica 
glass capillary cell; Pt 
electrodes; freq. range: 1000-
7000 Hz; calibration: O.lM and 
1M KCl solutions 

127 50 (g) 923-1023 Cell material: Vycor glass; 
Pt electrodes; freq. range: 
500-10,000 Hz, measurements 
at 1000 Hz; calibration: 1 
demal KCl solution 

Comment: Zuca and Oheanu [11] report a precision of ±O.1 ')'0 111 

their resistance measurements. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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T 100 50 

920 4.009 

930 4.052 

940 4.094 

950 4.135 

960 4.175 

970 4.215 

980 4.253 

990 4.290 

1000 4.327 

1010 4.362 

1020 4.397 

1030 4.430 

1040 4.463 

1050 4.494 

106{) 4.525 

1070 4.555 

1080 4.584 

1090 3.626 4.612 

noo 3.652 4.639 

1110 5.671 4.605 

ll20 3.702. 4.630 

1130 3.726 4.714 

1HO 3.749 

Stand. 
Mo!% a b·103 c'10" error of 
NaC! est. 

50 -3.9723 13.0062 -4.7073 0.180/0 

100 -2.4204 8,4918 -2./014 0.01% 

These values are based on the work of Zuea and Olteanu (c1as~lCal 
"" technique) [11]. The data for Nne! were reported ". eq"iv" lp.nt 

conductance in the form of an Arrhenius equation [98J. 

TABLE 499. Density studies: LiCI·NaCI 

Investigations critically Te·examined 

Ref. 
NaC] Temp. range Comments 

Mol % (T) 

II 50 893-1123 Cell material: Pt ball; 
calibration: wa.ter 

196 0-100 (g) 918-1183 Cell material: Pt sphere; 
calibration: molten NaCI 

328 0-100 (g) 1073 

Comment: Zuea and Olteanu [11] report their density re~ults fe-r 
the equimolecular mixture in terms of a linear temperature de· 
ppnHpnt elJllf'ltjnn wi!h a standard devintion of 6 X 10-4: E em-

3
• The 

precision of the den.ity measurements was 0.1'70. Experiments were 
carried out ill ar; atmosphere of dry argon to avoid hydrolysis oj 

LiC!. 

J. Phys. Chern. Ref. Data, Vot. 4, No.4, 1975 

TABLE 500. Liel·NaCI: Density (g em-S) 

:\101 percent NaCl 

7' 100 50 
I 

0 , 

880 1.4987 

890 1.4944 

900 1.5749 1.4902 

910 1.5700 1.4860 
920 1.5652 1.4817 
930 1.5603 1.4775 
940 1.5555 1.4733 
Y50 1.5506 1.4690 

960 1.5457 1.4648 

970 1.5409 1.4605 

980 1.5360 1.4563 
990 1.5312 1.4520 

1000 1.5263 1.4478 
]010 1.5214 1.4436 
1020 1.5166 1.4393 
1030 1.5117 1.4351 
1{J40 1.5069 1.4308 
1050 1.5020 1.4266 
1060 1.4972 1.4223 
1070 1.492.3 UHH 
1080 1.4874 
1090 1.5456 1.4826 
llOO 1.5402 1.'1777 
IIlO 1.534B 1.4729 
1120 1.5293 1.4680 
1130 1.5239 I 

1140 1.5184 
1150 1.5130 
1160 1.5075 
1170 , 1.5021 
1180 1.4966 
1190 1.4-912 
12{){) 1.4-858 
1210 1.4803 
1220 1.4749 

These yalues arc based on the work of Zuca and Olteanu (Archi· 
medea]] method) [IIJ. 

Ref. 

257 

TABLE 501. Surface tension studies: LiCl·NaCI 

Investigations critically re·examined 

NaCI Temp. range: 
Mol '70 (T) Comment" 

0-100 923-1173 Cell material: PI capillary; 
calibration: radius of capillary 
determined from measurements 
on molten LiCl, NaCI, and KC 

Deviations from previous NSRDS recommendation [2, p. 57) 

Ref. MNalC~ I Min. departure Max. departure 
• 0 /0 I 

257 
257 

100 I 3.1% (ll/3 K) 
o 2.9% (1073 K) 

3.8'70 (1103 K) 
3.2% ( 923 K) 
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TABLE 502. LiCI·NaCI: Surface tension (dyn em-I) 

T 

930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
]030 
1040 

1050 
1060 
1070 
1080 
]090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 

Mol Percent NaC! 

100 60 40 20 

125.0 126.2 127.0 
124.2 125.4 126.2 
123.5 124.6 125.4 
122.7 123.8 124.6 
122.0 123.0 ]23.7 
121.3 122.2 122.9 
120.5 121.4- 122.1 
119.8 120.7 ]21.3 
119.1 119.9 120.5 
118.3 119.1 119.7 
117.6 118.3 118.9 
116.8 117.5 118.1 
116.1 116.7 117.3 

115.4 115.4 115.9 
114.6 1146 115.1 
113.7 113.9 114.3 
112.9 113.2 113.5 
112.1 112.4- 112.8 
111.2 11l.7 11?.O 
1l0.4 110.9 111.2 

Temperature·dependent equations 
'I = a + bT 

0 

130.2 
129.6 
129.0 
128.3 
127.7 
]27.1 
126.5 
12:5.9 

125.3 
124.6 
124.0 
123.4 

122.8 
122.2 
121.6 
120.9 
120.3 
119.7 
119.1 
llB.5 

Mol % NaCl a b • 102 Stand. error 
of est. 

0 187.6507 -6.1781 0.04% 
20 206.0480 -8.0691 0.20% 
40 203.5707 -7.8974 0.12% 
60 

[ 
197.2639 -7.3786 0.45% 

100 209.0422 -8.4345 0.01% 

These values are based on 1\", wor1- <If l\H2uno at al. (maximum 
bubble pressure method) [257J. 

LiCI-PbCb 

600~610 UCI- PbCI2 u 
o 

~ 500 
.2 
o 
'
(!) 
Q. 

E 400 
(!) 

I-

liquid 
500 

_______________ ~4~00~~~ __ __ 

300~~--~~--~--~~--~~--~---

o 20 40 60 80 100 
Liel Mol % PIJC1Z PbCI" 

FIGURE 88. Temperature.composition phase diagram for LiC1.PbClo. 

S. P. Geomakov and L. M. Gromakov, Zh. Fiz. Khim., 
29 [9J, 747 (955). 

Melt Preparation and Purification 

Dahl and Duke [238] used "Baker Analyzed" reagent 
materials which were fused at temperatures just above 
their melting points, crushed and stored in a drying oven 
at no 0c. Volatilization of PbCb was reduced during 
the preparation of mixtures by placing LiCl on top of 
PbCb in a platinum crucible which was covered with a 
platinum foil. 

The PbCl2 was filtered and weighed and the filtrate was 
titrated for Pb2 + with the disodium salt of 1,2.cyclo. 
hexanediaminetetraacetic acid. 

Ref. 

165 

193 

TABtE 503. Density studies: LiCI·PbCl, 

PbCI. 
Mol % 

42.S 
20-100 

. eritically re·e~:amlrled 

Temp. range 
(T) 

673 973 

873,973 

Deviations from previous NSRDS recommendations: [1, p. 13] 

Ref. PbClo :Min. departure Mal<. departure 
Mol \"0 

193 100 0.23% (873 K) 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TAELE 504. LiC]·PbCl,: Den8ity cm- 3) 

lIfol percent PbCl, 

T 100 90 80 70 60 SO 40 30 

873.2 4.BU 4.(,32 4.431 4.20:~ 3.%2 3.697 3.391 
973.2 4JJ75 4.482 4.286 4.071 .'l.S:,(, 3.569 3.276 2.937 

'. These valu"s are baspu Oil tne work of L",llratov and ~Iwvl)'ako\'a 1)l.rclull",dpan 1111:(hod) [193]. Due til hnl1tcd data, the cxpenmental 
values are givPl1. 

TABL~; 505. Surface tension studies: LiCI·PbCL 

Deviations from previous NSRDS recommendations: [2, p. 57J 

Ref. PbCI. Min. departure 1\1".x rt"pArtllrp Mol 0/0 

254 0 0.61 % (955 K) 1.34% (935 K) 

Comment: Dahl and Duke [238, 254·] applied correctil'ns for the thermal expansion of the capillary tube. Reported deviations of 
experimentally measured surface tension values from literature data were 1"," thRn 0:;'70 Thp ollrf.r" Irn.;on data for pure lead chlorido 
was that recommended ir. NSRDS·NBS·28 [2]. 

TADLE 506. LiC]·PhC],: Surface tension 

Mol percent PbC] .. -
T 100 69.90 64.25 l 50.61 49.63 31.26 26.37 

775 133.4 134.4 

I 
133.4 132.5 

780 133.0 133.8 132.9 132.1 
785 132.5 133.2 132.4 131.7 
790 132.1 132.6 

i 
131.9 131.3 

795 134.9 131.6 132.0 i 131.4 130.9 
800 134.3 131.2 131.4 130.9 130.5 
805 133.6 130.8 130.8 130.4 130.1 
910 l:l3.0 130.3 130.2 129.9 129.7 129.0 

815 132.4 129.9 129.6 129.4 129.3 128.5 

820 131.8 129.5 129.1 128.9 128.9 128.0 

82:> 131.1 129.0 128.5. 128.5 128.5 
830 130.5 128.6 127.9 128.0 128.1 
835 129.9 128.2 127.3 127.5 127.7 

840 129.3 127.7 126.7 127.0 127.3 

845 128.7 127.3 126.1 126.5 126.9 

850 126.9 125.7 

855 126.4 ]25.2 

860 126.0 124.8 

865 125.6 124.3 

870 125.1 123.9 

Temperature·dependent equations 

'Y = a + bT 

Mol %Pbc], a b'102 Stand error of cot. 
.---

26.37 200.9088 -8.8542 0.72% 

31.26 211.7828 -10.2165 0.45% 

49.63 194.0891 -7.9463 0.54% 

50.61 209.6978 -9.8480 0.17% 

64.25 226.3552 -11.8665 0.17% 

69.90 200.8931 -8.7107 0.350/0 
100.0 233.6772 -12.4284 0.490/0 

These vaiues are based on the work of Dahl and Du~e (maximum bubble pressure method) [238]. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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LiCI-RbCI 

LiCI- RbCI 

700 

o 0 

300 

o 
LiCI 

40 60 

Mol % RbCI 

80 100 
RbCI 

FIGURE 89. Temperature·composition phase diagram for LiCl·RbCl. 

S. Zemczuzny and F. Rambach, Z. Anorg. Chem., 65, 
403 (910). 

Melt Preparation and Purification 

The purification procedures described by Zuca and 
Olteanu [11] are discussed under the system CsCI-LiCl. 

TABLE 507. Electrical conductance studies: LiCI-RbCl 

Investigations critically Te-examined 

Ref. RbCI Temp. range Comments Mol % (T) 

11 50 904-1135 Cell material: quartz or silica 
glass capillary cell; Pt elec-
trodes; freq. range: 1000-7000 
Hz; calibration: O.IM and 
1M KCl solutions 

Comment: Zuca and Olteanu [il] report a precision of ±O.l% in 
their resistance measurements. 

508. LiCI·RbCl: conductance (ohm- 1 cm-') 

T 

910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
lOBO 
1090 
1100 
1110 
ll20 
1130 
1140 
1150 
1160 
1170 
11130 
1190 

Mol percent RbCl 

100 

1.574 
1.596 
1.618 
1.640 
1.662 
1.683 
1.704 
1.725 
1.746 
1.766 
1.785 
1.805 
1.824 

1.843 
1.862 
1.880 
1.899 
1.916 

Temperature·dependent equations 
K = a + bT + CT2 

50 

1.745 
1.780 
1.814 
1.848 
1.882 
1.915 
1.948 
1.981 
2.013 
2.045 
2.077 
2.108 
2.139 
2.170 
2.200 
2.230 
2.260 
2.289 
2.318 
~.::S4(j 

2.375 
2.403 
2.430 

Compo Stand. 
a b·l03 c. 106 error Mol % RbCl of est. 

50 -2.8227 6.5525 -1.6847 0.98'10 
100 -2.3072 5.3381 -1.5035 0.02% 

These values are based on the work of Zuca and Oheanu (classi
cal ac technique) [Ill. 

TABLE 509. Density studies: LiCI-RbCI 

Investigations critically re·examined 

Ref. RbCl Temp. range Comments Mol '10 (T) 

II 50 888-1128 Cell material: Pt ball; 
calibration; water 

3')8 0-100 (g) 1073 

Comment: Zuca and Oheanu [II] report their density results for 
the equimolecular mixture in terms of a linear temperature de
pendent equation with a standard deviation of 8 X 10-4 . g em-s, 
The precision of the density measurements was 0.1 roo Experiments 
were carried out in an atmosphere of dry argon to avoid hydrolysis 
of Lie!. 

J. Phyr. Chem. Ref. Data, Vol. 4, No.4, 1975 
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7' 

880 
890 
900 

910 
920 
930 
910 

950 
960 
970 
9RO 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
noo 
IllD 
1120 
1130 
1140 
1150 
1160 
II 70 
1180 
1190 

TABLE 510. LiCI·RbCI: 

Mol percent RbCl 

100 50 

2.0261 
2.0187 

2.0114 
2.0040 
1.9966 
1.9092 
1.9818 
1.9744 
1.9671 
1.9597 

1.9523 
1.9449 
1.9375 

2.2179 1.9,,01 
2.2094 1.9228 
2.2008 1.9154 
2.1923 1~9080 
2.1838 1.9006 
2.1753 1.8932 
2.1668 1.8858 
2.1583 1.8784 
2.1498 1.87Il 
2.1413 1.8637 
2.1327 1.8563 
2.1242 
2.1157 
2.1072 
2.0987 
2.0902 
2.0817 
2.0731 

Temperature-dependent equations 
p = a + bT 

0 

1.4987 
1.4945 
1.4902 

1.4860 
1.4817 
1.4775 
1.4733 
1.4690 
1.4648 
1.4605 
1.1563 

1.4520 
1.4478 
1.4436 
1.4,"()3 

1.4351 
1.4308 
1.4266 
1.4223 
1.4181 

Mol % RbCl a b'10' Stand. deviation 

0 1.8721 -4.243 0.0003 
50 2.6833 -7.384 0.0008 

100 3.0863 -8.514 0.0009 

These values are based on the work of Zuca and Olteanu 
(Archimedean method) [11]. 

Ref. 

256 

TABLE 511. Surface tension studies: LiCI-RbCI 

Investigations critically re-examined 

RbCJ 
Mol % 
0-100 

Temp. range 
(TJ 

1073 

Deviations from previous NSRDS recommendations: [2, pp. 55, 58] 

Ref. RbCl Min. departure Max. departure Mol % 
256 0 5.15'1'0 (Hl73 K) 
256 100 0.27% (1073 K) 

Comment: An error of ±1 dyn cm- 1 in the surface tension values 
was reported. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

TABLE 512. LiCI-RbCl: Surface tension (dyn em -1) 

T o 
1023.2 127 

These values are based on work of Semenchencko and 
Shikobalova (maximum bubble pressure method) [256]. Due to 
limited data, the experimental values are given. 

LiCI-SeCh 

900 LiCI-ScCI3 
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I i(:1 

Mol '10 ScCI3 
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FIGURE 90. Temperature-composition phase diagram for LiCl·ScCb. 

N. Ya. Fedorov and E. S. Petrov, Izv. Sib. Otd. Akad. 
Nauk, S.S.S.R., Ser. Khim. Nauk, 1, 48 (1967). 

Melt Preparation and Purification 

Petro v and Fedorov [73] prepared anhydrous ScCla 
by chlorination of Mark OS-99 scandium oxide using 
gaseous chlorine in the presence of a reducing agent. The 
ScClg was sublimed in a current of chlorine. Anhydrous 
LiCI was prepared by the method of Raynor (Ber. Busen
geselschaft, Phys. Chern., 67, 360, 1963). The procedure 
essentially involved first heating the salt in an evacuated 
vessel at 95°C for 24 hours to remove as much adsorbed 
moisture as possible. The temperature was then raised to 
200°C and the flask evacuated for a further 24 hours. 
This was followed by fusion in the presence of HCI gas 
and subsequent removal of dissolved gas by purging with 
dry nitrogen. 
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T,ABLE 513. Electrical conductance studies: LiCI.ScCl. 

Investigations critically re·examined 

Ref. . SeCt. T"lIIp •. range Comments Mol % (T) 

73 0-72.6 (g) 373-1233 Cell material: quartz; Mo wire 
electrodes; calibration: 
IN KCl solution 

Comment: Due to the high volatility of SeCl. at high temperatures 
and the hygroscopicity of the starting materials, Fedorov and Petrov 
[73) measured the conductivity in sealed quartz vessels. The salts 
were loaded into the cell in a dry box and then fused, and mixed by 
transferring the mixture from one arm of the cell to the other until a 
uniform composition was attained. Reproducibility of experiments in 
the same cell was about 1%, and the overall accuracy of measure. 
ment was about 3o/a. . 

TABLE 514. LiCf,ScCla: Specific conductance (ohm- 1 cm-1 ) 

Mol % 
5cCb 933 K 993 K 1053K 1113 K 1173 K 1233 K 

0 6.11 6.30 6.55 6.74 0.80 6.99 
10 3.77 4.02 4.34 4.59 4.80 5.07 
20 2.78 3.01 3.30 3.49 3.65 3.84 
30 2.45 2.56 2.67 2.78 
40 1.80 1.89 1.96 
50 1.20 1.52 
60 0.97 1.27 
70 1.03 

.. Tit"." values have been Interpolated to three signIficant figures 
from the graphical presentation of Fedorov and Petrov (classical ac 
technique) [73J. 

Liel-uel .. 

6 LiCI-UCI4 
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Mol % UCI4 

80 100 

UCI 4 

FIGURE 91. Temperature·composition phase diagram for LiCI·UCl •. 

C. J. Barton, R. J. Sheil and W. R. Grimes, Oak Ridge 
National Laboratory, Phase Diagrams of Nuclear Re· 
actor Materials, R. E. Thoma, ed., ORNL-2548. p. 
132 (l959). 

Melt Preparation and Purification 

Bogacz and Ziolek [179] used LiCI of BDH Analar 
grade as starting material. The salt was melted in a quartz 
tube for 30 minutes under a stream of dry HCI gas, and 
then transferred to a quartz evaporating dish. The salt was 
crushed and :!torcd in a dc"iccator OVCI: P205 01: kept in 
sealed ampoules. Uranium (IV) chloride was prepared 
from uranyl oxalate by hydrogen reduction at 400°C to 
uranium dioxide, and then chlorinated at 440°C using 
CCl4 vapors contained in a stream of purified nitrogen. 
The purified salt was kept in sealed ampoules filled with 
dry argon. 

MixLurt:5 wert: prepared directly in the measuring cell 
in an argon atmosphere purified from moisture and 
oxygen. Even small traces of oxygen would result in 
chlorine evolution which reacted with the platinum com· 
ponents. Argon gas of 99.9% purity was further purified 
by passing it through a column filled with BTS catalyst, 
through a wash of aluminum and calcium amalgam and 
finally through a 80 cm. column of P205. 

TABLE 515. Electrical conductance studies: LiCI.UCI. 

Investigations critically ·re·examined 

Ref. UCl. Temp. range 
Mol % (T) Comments 

----:~:_____j--- -t--
179 0-100 703-1001 Cell material: quartz; Pt elec· 

trodes; freq. range: 5,000-
10,000 Hz, measurements at 
10,000 Hz; calibration: KCI 
solutions, fused KNO., NaNO., 
andKCI 

Deviations from previous NSRDS recommendations: [1, pp. 4, 9J 

Ref. UCI. Min. departure Max. departure 
Mol % 

179 100 -0.91 % (920 K) -0.94% (910 K) 
179 0 -1.8% (880 K) -4.4% (B90K) 

----

Comment: Bogacz and Ziolek [179] used the same quartz vessel 
for measurements of electrical conductance, density and surface 
tension. No frequency effect on the measured electrical resistance 
of the melts was found over the frequency range 5000 to 10,000 Hz. 
The overall error in conductivity measurement was reported at 075% 
or less. 
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710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 

100.00 85.24 78.44 

0.595 
0.614 

0.535 0.632 
0.551 0.649 
0.566 0.665 

0.436 0.579 0.681 
0.451 0.696 
0.465 0.710 
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0.492 0.736 
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0.542 
0.554 
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75.30 67.78 61.96 55.58 

0.863 
0.884 
0.906 
0.927 

0.717 0.948 
0.737 0.968 
0.757 0.887 0.988 
0.775 0.907 1.008 
0.793 0.926 1.027 

0.674 0.811 0.944 1.046 
0.691 0.827 0.963 1.065 
0.707 0.843 0.980 1.083 
0.722 0.858 0.997 1.100 
0.737 0.872 1.014 1.118 
0.751 0.886 1.030 1.135 
0.765 0.899 1.045 

0.911 1.060 

TABLE 516. LiCl·DCI,: Specific conductance (ohm- i cm- i
) 

Mol percent UCI, 

53.60 47.16 43.39 41.64 38.92 33.29 31.22 27.79 

1.483 
1.518 

1.459 1.553 
1.489 1.586 
1.519 1.620 
1.548 1.652 

1.5.i5 1.576 1.684 
1.5:32 1.604 1.715 
1.6<)9 1.631 1.746 

1.398 1.634 1.657 1.776 
1.423 1.658 1.682 1.806 

1.126 1.280 1.446 1.632 1.707 1.834 

1.148 U02 1.431 1.469 1.71)4 1.731 1.863 

1.169 1.323 1.452 1.491 1.574 1.726 1.754 1.890 

1.189 U43 1.473 1.512 1.595 1.747 1.776 1.917 

1.209 1.362 1.494 1.532 1.614 1.766 1.798 1.943 

1.228 un 1.514 1.552 1.634 1.735 1.819 1.969 

1.246 1.398 1.571 1.653 1.803 1.840 1.994 

1.264 1.415 1.589 1.672 1.859 
1.282 1.431 1.606 1.690 
1.298 L709 
1.315 
1.330 
1.345 

20.44 16.01 10.97 

2.022 
2.058 
2.093 
2.127 2.3H 
2.160 2.3~:7 

2.193 2.4~3 

2.224 2.4~7 3.008 
2.254 2.451 3.050 
2.284 2.525 3.088 
2.312 2.558 3.125 
2.340 2.5S0 3.158 

I 

8.90 8.31 

3.300 3.344 
3.338 3.384 
3.374 3.423 
3.408 3.462 
3.440 3.500 

3.79 0.0 

4.591 
4.636 5.70C 
4.679 5.754 

5.80E 
5.863 
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Mol % UCI. 

0.0 
3.79 
8.31 
8.90 

10.97 
16.01 
20.44 
27.79 
31.22 
33.29 
38.92 
41.64 
43.39 
47.16 
53.60 
55.58 
61.96 

. 67.78 
75.30 
78.44 
85.24 

100.00 --_. 

TABLE 516. LiCl·UCI.: Specific conductance {ohm-! em-l)-Continued 

a 

3.5985 
-1.2113 
-2.918.~ 

-7.6414 
-10.3904 
-2.7227 
-3.7492 
-2.5870 
-2.6963 
-3.3389 
-1.2908 
-3.0185 
-1.7917 
-3.4994 
--,-2.6089 
-1.8947 
-2.4925 
-3.2406 
-2.7934 
-3.3512 
-5.5651 
-2.2782 

Temperature.dependent equations 
K=a+bT+cT2 

b· 103 

-0.6244 
8.7335 

10.5152 
21.5428 
27.2422 

8.7474 
10.9723 

7.9337 
8.3072 
9.9446 
4.7910 
B.5830 
5.6049 
9.4199 
6.9385 
5.0491 
6.2480 
7.8471 
6.4795 
7.6311 

12.6925 
4.6911· 

c'106 

3.3543 
-2.4315 
-3.7601 

-10.2563 
-13.5049 
-3.1215 
-4.6413 
-3.0998 
-3.5825 
-4.6607 
-1.6429 
-3.8274 
-2.0749 
-4.3800 
-2.9064 
-1,8699 
-2.5936 
-3.6247 
-2.8233 
-3.4652 
-6.4888 
-1.8260 

These values are based on the work of Bogacz and Ziolek (classical ae rechnique) [179]. 

Ref . 

179 

TABLE 517. Density studies: Liel.UO. 

Investigations eri tically re·examined 

UCl. 
Mol % 
1l-100 

Temp. rmge 
(T) 

703-949 

·Deviations from previous NSRDS recommendations: [I, p .. 4] 

UCl. 
Mol % Min. departure Max. ceparture Ref. 

179 o 0.25% (910 K) 0.50% (950 K) 

Comment: Densities in reference [179) were determined by the 
Archimedcan method using a 7.5 gram platinum ball suspende1 
from a platinum wire of 0.08 mm diameter. The error in measun· 
ments was reported to be 0.l-O.2%. The density values for pure 
UCl. in reference [119] are about 2% higher than those of Kurodl 
and Suzuki [52] (KCl·UCl,). . 

Standard deviation 

0.0018 
0.0002 
0.0002 
0.0012 
0.0008 
0.0005 
0.0003 
0.0002 
0.0002 
0.0010 
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0.0002 
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0.0002 
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_0.0002 
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0.0003 

0.00025 
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r 100.00 85.24 78.44 75.30 61.96 53.60 

no 
720 
730 
740 
750 
760 
770 
780 
790 
1100 
1110 
1120 3.320 3.212 
B30 3.455 3.307 3.202 
MO 3.440 3.295 3.192 
E50 3.500 3.425 3.414 3.283 3.182 
~60 3.483 3.410 3.398 3.270 3.172 
870 3.558 3.466 3.395 3.383 3.258 3.162 
E80 3.539 3.449 3.380 3.367 3.245 3.153 
E90 :l519 3.365 3.351 3.233 3.142 
~OO 3.500 3.350 3.335 3.220 3.133 
910 3.480 3.319 3.208 3.123 
920 3.461 3.195 3.113 
930 3.441 3.103 
940 3.422 3.093 

-

Mol % LiCI 

0.00 
3.79 
5.66 
8.31 
8.90 

16.01 
20.44 
27.79 
31.22 
38.92 
41.64 
13.39 
47.16 
53.60 
61.96 
75.30 
78.44 
85.24 

100.00 

47.16 

3.141 
3.129 
3.117 
3.105 
3.093 
3.082 
3.070 
3.058 
3.046 

a 

1.8102 
2.2016 
2.5977 
2.7263 
2.9249 
3.1352 
3.3023 
3.5531 
3.6801 
3.9101 
3.9311 
3.8728 
1.1104 
4.0213 
4.3400 
4.7589 
4.6934 
4.9573 
5.2508 

TABLE 518. LiCI.UCI,: Denslty (g em-a) 

Mol percent UCL 

43.39 41.64 38.92 31.22 27.79 

2.894 
i 2.961 2.884 

2.951 2.875 
, 2.941 2.866 

I 2.931 2.857 
' 2.921 2.847 

I 2.911 
2.838 

2.901 2.829 
2.891 2.819 

3.031 , 2.881 2.810 
3.061 3.020 2.871 2.801 
3.050 3.009 2.861 2.792 
3.039 2.998 2.851 2.782 

3.058 3.028 2.987 2.841 2.773 
3.048 3.018 2.976 2.831 2.764 
3.038 3.007 2.965 2.821 2.754 
3.028 2.996 2.954 2.811 2.745 
3.019 2.985 2.943 2.801 2.736 
3.009 2.975 2.932 2.791 
2.999 2.964 2.921 
2.990 2.910 
2.980 

~ --_L-

Temperature·dependent equations 
p=a+6T 

-~ .. ----

b • lOS 

-0.3472 
-0.4830 
-0.8176 
-0.8100 
-0.9446 
-0.8205 
-0.8427 
-0.9287 
-0.9990 
-1:0990 
-1.0748 
-0.9706 
-1.1826 
-0.9872 
-1.2441 
-1.582() 
-1.4925 
-1.7139 
-1.9455 

These values are based on the work af Bogacz a~d Ziolek (Archimcdcan method) [179). 
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T 100.00 92.80 74.36 

883 40.0 40.5 43.5 
923 35.5 36.5 40.5 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 519. Surface tension studies: iiCl.UC]. 

Investigations critically 

Ref. VCI. Temp. range Comments 
Mol % (T) 

179 0-100 883,923 Cell material: quartz capillary 
tubes, melt in outer quartz 
tube; calibration: water, 
benzene, molten NaNO. and 

KNO" 
DCY;dtioll. hOIll l'IeVlOU. NsnDS L""UJIIUltaJt.lHtwlI~: [2, p. 55] 

"ftef. VCL Min. departure Max. departure 
Mol % 

179 0 11.8% (923 K) 

Comment: Bogacz and Ziolek [179] determined the surface ten· 
sion of the molten salt mixtures by measuring the pressure difference 
required to release argon bubbles from two coaxial capillary tubes 
inunersed in the melt at the same depth. The error in measurement 
w,as estimated to be between 3 and 5%. 

520. LiCl·llCl.: Surface tension (dyn cm- 1 ) 

Mol percent UCI. 

61.25 59.38 53.39 47.32 44.16 33.89 32.50 27.38 17.90 

45.5 47.0 48.0 54.0 57.0 64.5' 61.5 66.0 68.5 
42,0 4,!-!; 45,0 5?,5 56,5 63.0 60.0 M.Q 63.0 

1111 

13.76 8.47 4.30 0.00 

72.4 77.0 94.5 147.9 
65.5 71.0 86.0 141.5 

These values are based on the work of Bogacz and Ziolek (maximum bubble pressure method) [179]. Due to limited data, the experimental 
results are given. 
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FIGURE 92. Temperature·composition phase diagram for LiCI-ZnCI •. 

N. N. Euseeva and A. G. Bergman, Z. Obshch. Khim., 
21, 1763 (1951). 

Melt Preparation and Purification 

Weeks [108] and Bloom and Weeks [199] used May 
and Baker LiCl, which was vacuum dried at 400°C. for 
olle hOUl amI tlltm fused under dry argon. The salt was 
then purified by bubbling dry· chlorine gas through the 
melt until it was clean. The preparation of ZnCb is 
described under the system CsCI-ZnCI2.Analysis for Zn2+ 

and Cl- were performed using EDT A and silver nitrate 
(dichlorofluorcscein indicator), respectively. 

:Markov and Bolkov [194] purified ZnCb and LiCI in 
the manner described under the system CsCl·ZIlCI2• 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975, 



1112 

T 100.0 94.8 90.1 

700 2.472 
710 2.466 
720 2.461 
730 2.456 
740 2.451 
750 
760 2.416 
770 2.412 
780 2.407 
790 i 2.402 
000 

i 
2.597 

810 2.392 2.363 
820 2.387 2.358 
830 2.383 2.354 
840 2.378 2.550 
850 2.373 2.346 
860 
870 
880 
890 
900 
910 
920 

Ref. 

108 

194 

199 

Ref. 

108 
194 
1!l!l 

108 
194 

JANZ ET AL. 

TABLE 521. Density studies: LiCI·ZnC12 

Investigations critically re·examined 

ZnCI. Temp. range Comments 
Mol % (T) 

81.4-100 566-879 Cell material: silica pyc· 
nometer; calibration: water, 
25 'C 

0-100 695-924 Cell material: quartz sphere 
(containing tungsten for 
weight) ; rnlihration: w3ter, 
25 'C 

81.4-100 566-879 Cell material: silica pyc· 
nometer; calibration; water, 
2;' "C 

Compansons wlth NSRDS recommendatiOns: 
[1, pp. 4, 10 and this volume] 

ZnCI. Min. departure Max. departure 
Mol % 

100 -0.08% (683 K) OA'()% (600 K) 

100 -0.02% (733 K) -0.160/0 (696 K) 
100 -0.09% (693K) 0.40?,u (600 K) 

81.4 0.06% (759 K) -0.71% (806K) 
0 -0.37% (924 K) 

Comment: DenSity measurements 1Il reference {l08, 1991 were 
corrected for thermal expansion of the SIlica pycnometer and the 
total correction was 0.05-0.10/0. The overall accuracy was reported 
to be between 0.05% and 0.10/0. Experimental density values were 
reported in reference [108] while Bloom and Weeks [199J gave 
I ~.ull. ill lit" funn uf linear temperature dependent equations with 
stand~rd deviations in the range 0.92 X 10-3 g ern -3 (88.4 mol 0/0 
ZnCh) to 1.13 X 10-3 g em -3 (81.4 mol '70 ZnCl,). 

TA.BLE 522. LiCI·ZnCh: Density (g em -3) 

Mol percent Znrl. 

81.4 79.6 76.2 69.95 59.8 49.8 39.9 

2.253 
2.350 2.379 2.304 2.246 2.182 2.120 
2.345 2.374 2.298 2.240 2.176 2.114 
2.340 2.369 2.309 2.293 2.234 2.171 2.108 
2.335 2.363 2.304 2.288 2.228 2.165 2.102 
2.329 2.358 2.298 2.2HZ 2.222 2.159 2.096 
2.324 2.353 2.293 

, 
2.277 2.215 2.154 2.091 

2.319 2.348 2.288 2.271 2.209 2.148 2.085 
2.314 I 2.343 2.282 2.266 2.203 2.142 2.079 
2.509 i 2.337 2.277 2.260 2.]97 2.13( 2.U(;) 

2.304 2.332 2.272 2.255 2.191 2.131 2.067 
2.184 2.061 
2.178 2.055 
2.172 2.049 

I 1 
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29.4 19.6 9.02 0.0 

1.994 
1.988 
1.983 
1.977 
1.'172 
1.967 1.879 
1.961 1.871 

1.863 
1.855 1.687 

1.683 
1.680 1.488 

1.484 
1.480 
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TABLE 522. LiCI·ZnCh: Density (g cm-3 )--':Continued 

Temperature·dependent equations 
p=a+bT ' 

Mol % ZnCI. a b'lOi Stand. error of est. 

0.0 1.8514 -4.0345 0.01% 
9.02 2.0210 -3.7939 O.04'}'o ' 

19.6 2.5643 -8.0647 0.28'}'o 
29.4 2.4288 -5.4389 O.{)2'fo 
39.9 2.5682 -5.8972 0.44'1'0 
49.8 2.6138 -5.6810 0.06% 
59.8 2.7188 -6.2145 0.06% 
69.95 2.7168 -5.4332 0.31% 
76.2 2.7263 -5.3488 Omra 
79.6 ?.774R -S.?fl72 0.01% 
81.4 2.7361 -5.0830 0.28% 
90.1 2.7038 -4.2109 0.03% 
94.8 2.7824 -4.8163 0.09% 

l00.{) 2.8369 -5.2167 0.00% 

These values are based on the work of Markov and Bolkov (Archlmedean method) [194]. 
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FIGURE 93. Temperature·composition phase diagram of MgCI ... NaCl. 

O. Menge, Z. Anorg. Chern .. 72, 162 (1911). 

Melt Preparation and Purification 

Huber et a!. [30] used c.p. analytical grade NaCl with· 
out further purification. The preparation of MgCb is 
discussed under the system 13aC12-MgCl~. 

Preparation of MgCl2 in references [1l3, 114, 117] is 
dhicussell uullt:r the system KCl.MgCJ2• Mllrkov and 

Shcrhakov [113} u:5ed ''.;;hemically pure" NaCI recry:stal. 
lized twice and heated for two hours at 500 DC. 

Lillebuen [130] and Grjotheim et al. [133] dehydrated 
NaCI (p.a., Baker) 'by heating at 500 °C under a vacuum 
of 0.1 to 0.01 mm. The preparation of pure MgCh is 
described under the system CaC12-MgC12. 

Desyatnikov [245] used chemically pure NaCI and 
MgC12; the MgO content in the anhydrous MgCl2 was 0.2 
to 0.4%. Dehydration of the MgCl2 involved passing a 
stream of dry HCl gas through the melt for 6-8 hours, 
after which carbon dioxide was bubbled through for 20 to 
30 minutes to displace the HCl. 

Grjotheim et al. [109] dried "analytical grade" NaCI 
by heating at 300 °C and melting under vacuum. The salt 
was then slowly recrystallized and only clear crystals were 
used. The preparation of pure anhydrous MgCl2 is de· 
scribed under the system CaCI2,MgCI2' 

Mukaibo and Matsuno [246J used reagent grade MgCl2 
(Kauto Electrochem. Co.) without further purification. 
Sodium chloride was C.P. grade and was recrystallized. 

J. Phy •• Chem. Ref. Patel, Vol. 4, No.4, 1975 
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TABLE 523. Electrical conductance studies: MgCI.·NaCl TABLE 524. MgCI,·NaCI: Specific conductance (ohm- 1 cm-1
) 

Ref. 

30 

109 

113 

114 

117 

151b 

167 

Ref. 

30 
109 
113 
114 
167 
113 
114 
167 
114 
114 

109 
114 
117 
167 
114 
117 
167 

Investigations critically re·examined 

NaCl Temp. range Comments 
Mol % (T) 

54.87,71.67 906--1248 Cell material: silica cell; PI 
84.36,100 electrodes; freq. range: 1000 

Hz; calibration: saturated 
NaCl solution 

0,20,40,60 956-1136 Cell material: AI.03 tube in 
80,100 quartz tube container; Pt 

electrodes; freq. range: 2000-
20,000 Hz; calibration: IN KCl 
solution and saturated NaCl 
solution 

42.12-100 953-1123 Cell material: quartz tube; Pt 
electrodes; calibration: sulfuric 
acid solutions 

0-100 923-1123 Cell material: Pt cylinder, Pt 
disc. electrodes; calibration: 
molten NaCl 

o 100' B23 1023 Cell material: qU:lrtz vessQ]; 

Pt electrodes 

0-100 (g) 1073 

0-100· 1023-1173 

Comparisons with NSRDS recommendations: 
[1, pp. 4, 6 and this volume] 

NaCl Min. departure Max. departure Mol % 

100 0.0% (l085K) -3.0% (1248K) 
100 0.29% (1126 K) 0.79% (l095 K) 
100 1.9% (1123K) 
100 -2.6% (l173K) -4.3% (1123 K) 
100 -2.30/0 (1123K) -3.1% (ll73K) 
100 1.6% (l123K) 
100 -4.5% (1123 K) 
100 -2.9% (1123 K) 
80 -9.40/0 (1023K) 
20 -7.6% (1023K) 
0 0.36% (1038 K) 1.83% (1082 K) 
0 -3.7% (l023K) -5.5% (1123 K) 
0 0.650/0 (1023 K) 0.81 % ( 973 K) 
0 -0.250/0 (1073 K) -5.4% (1l73K) 
0 -3.7% (l023K) -6.6% (l023K) 
0 0.740/0 (1023 K) 
0 0.74% (1023K) -1.8% (1073K) 

'Graphical except for pure MgCl2• 

bData (equivalent conductivities) from reference [167]. 
<Graphical except for pure salts. 
Comment: A discussion of some experimental aspects in refer

ences [109] and [30J is given under the CaCI,·KCl system. 

TABLE 524. MgCI".NaCl: Specific conductance (ohm-1 em-I) 

Mol percent NaCl 

T 100 80 60 40 20 0 

960 1.753 
970 1.784 
980 1.815 1.472 
990 2.136 1.845 1.496 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

T 100 

1000 
1010 
1020 
1030 
1040 
1050 
1060 

1070 
1080 
1090 
1100 3.686 
1110 3.711 
1120 3.736 
1130 3.760 

-Continued 

Mol percent NaCI 

80 60 40 

2.156 1.876 
2.177 1.907 

2_877 2.197 
2.902 2.217 
2.926 2.238 
2_950 2.258 
2.971- 2.278 

2.299 
2.319 
2.339 

Temperature-dependent equations 
a+bT 

20 0 

1.520 
1.544 
1.567 1.073 
1.591 1.097 
1.615 1.121 
1.639 1.145 

1.169 
1.192 
1.216 

Stand. 
Mol.% NaCl a b. 103 error 

oI el':lt. 

0 -1.3646 2.3899 0_01% 
20 -0.8585 2.3784 0.300/0 
40 -1.1875 3.0634 0.31% 
60 -0.1275 2.0290 0.25% 
80 0.4203 2.4090 0.08% 

100 0.9548 2.4828 0.02% 

These values are based on the work of Griotheim et aJ. (classical 
ac technique) [109]. 

TABLE 525. Density studies: MgCb-NaCl 

Investigations critically re·examined 

R .. f. NaCI Temp. range Commf:"nt~ Mol % (T) 

30 0-100 985-1241 Cell material: silica ball 
(hollow or solid), W suspen. 
sion wire; calibration: water 

130 0-100 1017-1172 Cell material: Pt-l0%Rh 
sinker and Pt-10%Rh suspen· 
sion wire; calibration: water 

133' O-I00b 1073 Cell material and calibration: 
as for 130 

167 0-80 (g) 1023 

211, 0-100 800-1250 
267 

Deviations from previous NSRDS recommendations: [1, pp. 4, 6] 

Ref. NaCI Min. departure Mol % 

30 100 -0% (1073K) 
130 100 0.39% (1088 K) 

30 0 0.49% (1140 K) 
130 0 0.30% 0017 K) 
133 0 0.50% (J073 K) 

'Data from reference [130]. 
bGraphical except for pure salts. 

Max. departure 

-0.6% (ll83K) 
0.53% (1149 K) 
0.80% (1160 K) 
0.50% 0099 K) 

Comment: A brief disussion of the method of Lillehuen [130] and 
Grjotheim et al. [133J and the errors involved in their density 
measurements is to be found under the system LiCI·MgCI,. 



T ]00 90 

1020 
1025 
1030 
1035 
1040 
]045 
1050 
1055 
1060 
1065 
1070 I 1.570 
1075 1.568 
1080 1.565 
1085 1.562 
1090 1.556 1.560 
1095 1.553 1.557 
1100 1.551 1.554 
1105 1.548 1.552 
1110 1.545 1.549 
IllS 1.542 1.546 
1120 1.540 1.543 
1125 1.537 
1130 1.534 
1135 loSS} 

1140 1.529 
1145 1.525 
1150 1.523 
1155 1.520 

1160 L517 
116S 1.514 
1170 1.511 

a b'103 

1.85184 -5.72548 

PROPERTIES OF CHLORIDES AND MIXTURES 

80 

i , 
1 

1.584 
1.581 
1.579 
1.576 
1.573 
1.571 
1.568· 
1.565 
1.562 
1.560 

C' lOT 

TABLE 526. MgC12·NaCI: Density (g em-a) 

Mol percent NaCl 

70 60 50 40 30 

1.675 
1.6()() 1.673 

1.641 1.658 1.671 
1.602 1.620 1.639 1.656 1.669 
1.599 1.6]8 1.636 1.653 1.667 
1.597 1.615 1.634 1.651 1.665 
1.594 l.(jl3 1.631 1.649 1.662 
1.592 1.610 1.629 1.647 1.660 
1.589 1.607 1.627 1.644 1.658 
1.586 1.605 1.624 1.642 1.656 
1.584 1.602 1.622 1.639 1.654 

1.619 1.637 1.651 
1.617 1.635 1.649 
1.614 1.632 1.647 

1.630 1.645 
1.627 1.642 
1.625 1.640 

Two·dimensional equation and statistical parameters 
p = a + bC + cTz + dCZ + eC3 + jTC2 

d' 105 e' 107 f. 108 

-2.48988 2.44756 -3.61076 2.01655 

1115 

20 10 0 i 60.1 

1.677 I 
! 1.675 l 

1.686 1.673 
1.684 1.672 

1.684 1.682 1.670 
1.682 1.681 1.669 
1.680 1.679 1.667 
1.678 1.677 1.665 
1.676 1.675 1.664 1.620 
1.674 1.673 1.662 1.1i17 
1.672 1.671 1.660 1.615 
1.670 1.670 1.659 1.612 
1.668 1.668 1.657 1.610 
1.666 1.666 1.655 1.607 
1.664 1.664 1.654 1.605 

. 1.662 1.662 ].652 1.602 
1.660 
1.658 
1.656 
1.653 

I 

Max. percent Stand. 
error 

departuro oj est. 

-0.38% 
(1091.6 K, 23.6 I, 0.15% 
mol % MgC],) 

These values are based on the work of Lillcbuen (Arrhimedean method) [130]. C:::: mol % MgCb 

TABLE 527. MgCl,...NaCl: Density (g em- 3) 

Mol percent NaCI 

T 100 95.0 89.0 I 76.4 71.1 66.3 58.2 48.5 37.7 25.6 17.7 0 

1020 1.698 . 1.674 
1030 1.588 1.637 1.674 1.693 1.671 
1040 1.583 1.608 1.632 1.649 1.669 1.689 1.668 
1050 1.578 1.::''.18 1.()IJ;S 1.hl2 1.OU 1.644 1.664 1.679 1.684 1.666 
1060 1.572 1.594 1.599 1.607 1.623 1.638 1.659 1.675 Ui80 1.663 
)070 1.567 1.590 1.595 1.602 1.618 1.633 1.653 1.670 1.675 1.660 
1080 1.561 1.566 I 1.586 1.591 1.597 1.613 1.628 1.648 1.666 1.671 1.658 
1090 1.554 1.556 1.561 I 1.581 1.587 1.593 1.608 l.(,2.3 I.64,~ l.bb;:: Lbbi l.()bb 

1100 1.549 1.551 1.555 1.582 1.588 1.604 1.617 1.638 1.657 J.6f,2 
III 0 1.544 1.545 1.550 1.583 1.612 1.633 L65.~ l.CJ58 
1120 1.539 1.540 1.545 1.607 1.628 1.649 
1130 1.533 
1140 1.528 
1150 1.523 
1160 1.517 
1170 1.512 

J. Phy •. Chern. Ref. Data, Vol. 4, No.4, 1975 
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TABl.E 527. 

Temperature·dependent equations 
p a + bT 

Stand. 
Mol % NaCl a b' 104 error 

of est. 

0 1.9483 -2.6917 0.03% 
17.7 2.1501 -4.4361 0.010/0 
25.6 2.1348 -4.3414 0.0170 
37.7 2.2029 -5.1352 0.0770 
48.5 2.1967 _,,2hfiQ 0.04% 
58.2 2.1253 -4.7419 0.02'}'o 
66.3 2.1182 -4.8222 Om% 
7Ll 2,0431 -4.1877 0.03% 
76.-1- ?MI111 -4.2896 0.02% 
89.0 2.1392 -5.3070 0.01 '70 
95.0 2.1429 -5.3845 0.02'70 

100 2.1321 -5.2995 0.04% 

These values are based on tbe work of Lillebuen (Arcbimedean method) [130]. 

TABLE 528. Viscosity studies: MgCl .. NaCl 

Investigations critically re-examined 

Ref. NaC! Temp. range 
Mul '10 (T) 

41 62.0 1061-1138 
151 0-100' 973--1231 
226 0-100 920-1250 

Deviations from previous NSRDS recommendations: [1, p. 4] 

Ref. NaCl Min. departure Max. departure Mol '}'o 

151 100 -6.0% 0231 K) -15.3'10 (1128 K) 

'Graphical except for pure components. 
Comment: The oscillation method used in reference [151] was 

checked by experimental measurements on water, nitrobenzene, 
aniline, molten sodium nitrate and potassium chloride. Agreement 
with literature values was satisfactory and the precision in viscosity 
measurements was reported to be ±S%. 

TABLE 529. MgCkNaCl; Viscosity (ep) 

Mol '}'o NaC1 973 K 1023 K 1073 K 

0 2.05 1.80 
10 U37 1.66 
20 1.99 1.69 1.52 
30 1.80 1.53 1.40 
40 1.60 1.38 1.24 
Sf) 14f) 1.22 LOB 
60 1.22 1.06 0.95 
70 1.38 1.24 1.08 
80 1.45 1.34 1.16 
90 1.19 

100 1.20 

These values have been interpolated to three significant figures 
from the graphical presentation of Bondarenko and Strelets (oscil
lating sphere method) [151]. 
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Ref. 

24-5 

246 

253 

258 

226 

Ref. 

24-5 
246 
253 
253 
253 

TABLE 53U. ::Surlace tension studies; MgGh·NaGI 

Investigations critically re·examined 

NaCI Temp. range Comments Mol'}{, (1') 

0-100 973-1223 Cell material; Pt capillary and 
quartz beaker containing melt; 
calibration; water, alcohol 

10-40, 1013-1153 Cell material: Pt capillary 
]00' tube; calibration; water and 

molten NaCI 

O-JOO lOO;':-llbY Cell material: Density sinker 
and rod for surface tension 
measurements were made from 
Pt-10%Rh alloy; calibration: 
measuremems on pure salls 

O-I00b 10i3 Cell material and calibration; 
as for 253 

0-100 870-1190 

Dcyiations from NSRDS recommendations; 
[2, pp. 5i, 59 and this volume) 

NaCI Min. departure Max. departure Mol % 

100 0.180/0 (]123 K) 0.58'}'o (1223 K) 
100 -5.4'}'o (1153 K) -5.7'}'o (1113 K) 
100 1. 7'7v (1169 K) 2.00/0 (111S K) 

70 -0.1% (1132 K) 

I 
1.70/0 (l031 K) 

0 -5.9% ( 800 K) -6.7'}'o ( 729 K) 

'GraphIcal except for pure NaC!. 
"(;raphicaJ except for pure components. 
Comment; Desyatnikov (245) reported that his surface tcnsion 

measurements were reproducible to an accuracy of 0.80/0. Results on 
the pure salts agreed with literature values obtained by other 
methods. Values for pure MgCI, were those recommended in 
2'lSRDS--NBS--28 [2]. 

Lillebuen [253] and Grjotheim et aJ. [258] reported a reproduci· 
bility for surface tension measurements of ± 1 %. 



T 

980 
990 

]000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
lOYU 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
]200 
1210 

1220 

100 90 

106.2 
105.7 
105.1 
104.5 
104.0 
103.4 

1l2.Y 102.Y 
112.2 102.3 
111.5 101.7 
nO.8 101.2 
nO.2 100.6 
109.5 100.1 
108.8 99.5 
108.1 9B.9 
107.4 98.4 
106.8 
106.1 
105.4-
104.7 
104.0 

Mol % NaCl 

o 
10 
20 

30 
40 
50 
60 
70 
80 
90 

100 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABLE 531. MgClz-NaCI: Surface tcnsioll (dyn cm-1 ) 

80 

100.6 
100.1 
99.7 
99.3 
98.8 
98.4 
98.0 
97.6 
97.1 
96.7 
96.3 
95.8 
95.4 
95.0 
94.5 
94.1 
93.7 
93.3 
92.8 
92.4 

i 

Mol percent NaCl 

70 60 50 40 

95.8 92.1 88.2 83.0 
95.5 91.7 88.0 82.7 
95.] 91.4 87.7 82.5 
94.8 91.1 87.4 82.3 
94.4 90.7 87.2 82.0 
94.1 90.4 86.9 81.8 
93.7 90.1 86.6 81.6 
93.4 89.8 86.4 81.4 
93.0 89.4 86.1 81.1 
92.7 89.1 85.8 80.9 
92.3 88.8 85.5 80.7 
92.0 88.4 85.3 80.4 
91.6 88.1 85.0 80.2 
91.3 87.8 84.7 80.0 
90.9 87.4- 84.5 79.7 
90.6 87.1 84.2 79.5 
90.2 86.8 83.9 79.3 
89.9 86.5 83.7 79.1 
89.5 86.1 83.4 78.8 
89.2 85.8 83.1 78.6 

Temperature·dependent equations 
'Y = a + bT 

a 

76.7 
81.8 
SS.1 
98.5 

105.5 
114.7 
124.4 
130.1 
142.7 
163.9 
187.0 

30 

78.9 
78.7 
78.5 
78.3 
78.1 
77.9 
77.7 
77.5 
77.3 
77.1 
76.9 
76.7 
76.5 
76.3 
76.1 
75.9 
75.7 
75.5 
75.3 
75.1 

1117 

20 10 0 

74.4 70.0 
74.2 69.9 
74.1 69.8 66.7 
74.0 69.7 66.6 
73.8 69.6 66.5 
73.7 69.4 66.4-
73.5 69.3 66.3 
73.4 69.2 66.2 
73.3 69.1 66.1 
73.1 69.0 66.0 
73.0 68.8 65.9 
72.8 68.7 65.8 
72.7 68.6 65.7 
72.6 68.5 65.6 
72.4 68.4 65.5 
72.3 68.2 65.4 
72.1 68.1 65.3 
72.0 68.0 65.0 
71.9 67.9 65.1 
71.7 67.8 65.0 

64.9 

-1.0 
-1.2 
-1.4-

-2.0 
-2.3 
-2.7 
-3.3 
-3.5 
-4.3 
-5.6 
-6.8 

These values are based on the work of Desyatriikov (maximum bubble pressure method) (245). 

MgCb-RbCI 

716 711 
700 

'" ~ 600 

W 
0. 
E a) 
f--

500 

o 
RbCI 

459 

20 40 60 80 :00 
MgCI2 

Mol "10 MgCI2 

FIGURE 94. Temperature·composition phase diagram of MgCl,·RbCl. 

B. F. Markov and I. D. Panehenko. Zhur. Obschei 
Khim., 2:;, 2039 (1955). 

Melt Preptlrtltit'tn t'lnd Purifit't'ltion 

Grjotheim et a1:' [130,133] used Merck p.a. grade 
(min. 99.5% RbCI) RhCl, which was dehydrated by heat
ing at 400 ac in an inert galS atmol!pllere. Tl,e preparation 

of pure l\1gC12 is described under the system CaC12·MgCb. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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'l' 100.0 94.4 

960 
970 
980 
990 

1000 
1010 2.230 
1020 2.222 
1030 2.213 2.159 
1040 2.204 2.150 
1050 2.196 2.142 
1060 2.187 2.133 
1070 2.178 2.125 
lOBO 2.170 2.116 
1090 2.161 2.108 
1100 2.152 2.099 
1110 2.144 2.U'Jl 

ll20 

Mol % RbCl 

0.0 
7.7 

14.3 
20.0 
31.9 
51.6 
63.0 
66.7 
68.8 
75.5 
84.9 

94.4 
100.0 

84.9 

2.082 
2.075 
2.067 
2.060 
2.053 

JANZ ET AL. 

TABLE 532. 

Investigations critically re·examined 

Ref. RbCI Temp. range Comments 
Mol % (T) 

130, 0-100 959-1122 Cell material: Pt-IO%Rh 
133" sinker and PI-IO%Rh suspen. 

sion wire; calibration: water 

Deviations from previous NSRDS recommendations: [1, p. 6} 

Ref. RbCl Min. departure Max. departure 
Mol % 

130 100 0.04% (1004 K) 0.14% (1112 K) 
130 0 0.30% (1017 K) 0.50% (1099 K) 

'Commonto oonccrning reference. [130] and [133] arc to he 

found under the system CaCl.·KCI. 

TABLE 533. 

Mol percent RbCI 

75.5 68.8 66.7 63.0 51.6 31.9 . 

1.976 
1.969 
1.962 
1.956 
1.949 1.893 
1.942 1.887 1.846 

1.990 1.936 1.881 1.840 
1.983 1.944 1.929 1.912 1.875 1.833 
1.977 1.938 1.922 1.906 1.868 1.827 
1.970 1.932 1.916 1.899 1.862 1.821 

2.046 1.963 1.925 1.909 1.892 1.856 1.815 
2.039 1.957 
2.032 1.950 
2.025 1.943 

1.937 
1.930 
1.923 

1.919 1.902 1.886 1.850 
1.913 1.879 1.844 
1.906 1.873 1.838 
1.900 1.866 1.832 
1.894 1.860 

Temperature·dependent equations 
p=a+bT 

a b • loa 
1.9497 -0.2705 
2.1637 -0.4225 
2.6899 -0.8819 
2.8935 -1.0495 
2.4748 -0.6228 
2.5058 -0.6128 
2.!:J8!Jb -0.6540 
2.6141 -0.6652 
2.5961 -0.6329 
2.6693 -0.6661 
2.7973 -0.7087 

3.0328 -0.8485 
3.1073 -0.8683 

1.808 

These values are based on the work of Grjotheim et al. (Archimedean method) [130, 133]. 
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20.0 14.3 7.7 0.0 

I 
1.733 1.674 

1.813 1.782 1.729 1.671 
1.802 1.773 I 1.724 1.668 
1.792 1.764 I 1.720 1.666 
1.781 1.755 I 

1.716 1.663 
1.771 1.746 1.712 1.660 
1.760 1.738 1.707 1.658 
1.750 1.729 1.703 1.655 
1.739 1.720 1.699 
1.729 1.711 1.695 
1.718 

Stand. error of est. 

0.04% 
0.03% 
0.09% 
0.05% 
0.07% 
0,04% 
0.05% 
0.03% 
0.04% 
0.02% 
0.02'}'0 

0.01% 
0.02% 



T 100.0 94.4 

970 

980 
990 

1000 
1010 93.5 
1020 92.8 
1030 92.0 
1040 91.::l 87.2 
1050 90.5 86.5 
lOUO 89.8 85.9 
1070 89.0 85.3 
1080 88.3 84.6 
1090 87.5 I 81,.0 

1100 86.8 83.4 
mo 86.0 82.8 
ll20 
1130 
1140 
1150 
UClO 

Mol % RbCl 

0.0 
7.7 

14.3 
.'11.9 
51.6 
63.0 
66.7 
68.8 
75.05 
81.9 
94.4 

100.0 

PROPERTIES OF CHLORIDES AND MIXTURES 

TABU: 5,34. Surface tension studies: MgClz-RbCl 

Investigations critically fe·examined 

Ref. RbCl Temp. range Comments 
Mol % (T) 

253, 0-100 967-1169 Cell material: density .inker 
258" and rod for surface tension 

measurements was made from 
Pt-W%Rh alloy; calibration: 
measurements on pure salts 

Deviations from previous NSRDS recommendations [2, pp. 58, 59] 

Ref. 
RbC] :vIin. departure Max. departure 

:Mol % 

253 100 -2.3% (Ill3 K) -3.2% (1050 Kl 
253 0 -5.9% (800K) -6.7% r729K) 

.. 
'LilIebuen [253} reports a reproducibIlity for surface tensIon 

measurements of ± 1 %. 

TAtlLl< 535. MgC],.RbCI: Surface tensIOn (dyn em -, ) 

Mol percent RbCI 

£14,9 75.5 68.8 66.7 63.0 5].6 31.9 

79.4 
78.9 
71l.S 
78.0 

84.9 77.(l 75.2 72.8 
84,3 77.1 74.7 72.4 
83.6 79,9 76.8 76.7 76.3 74.3 71.9 
82.9 79.4 76.4 76.3 75.8 na 71.5 
82.S 78.9 75.9 75.8 75.2 73.4 71.0 
81.6 78.4 75.5 75.4 74.7 72.9 70.6 
80.9 77.9 75.0 74.9 74.2 72.5 70.1 
80.3 77.5 74.6 74.5 73.7 72.0 
79.6 77.0 74.1 73.2 71.5 

76.5 73.7 72.6 
: 

76.0 73.2 72.1 
75.6 

Temperature.dependent equations 
'Y = a + bT 

a b. 102 

65.3426 -0.3073 
86.5949 -1.9163 
97.0127 -2.7599 

]]7.8010 -4.450] 
120J17?i -4.5257 

130.0286 -5.2186 
122.6536 -1.462] 

123.7692 -4.5565 
128.8105 -4.7S.'lR 
152.4109 -6.6810 
152.4464 -6.2780 
169.2893 -7.5036 

These values arc based on tnc work of Griotheir.1 ct al. (pin detachment method) [253, 2581. 

1119 

14.3 7.7 I 0.0 

1 
; 

62.2 
62.2 

68.6 66.9 62.2 
68.3 (;6.7 62.2 
(,8.0 66.5 62.1 
67.8 66.3 62.1 
67.5 G6.1 62.1 
67.2 65.9 62.0 
66.9 0;:'.'/ O;l.U 

66.7 65.5 62.0 

66.4 61.9 
61.9 
61.9 

61.8 
61.8 
61.8 

Stand. error of est. 

0.090/0 
0.10';'<> 
0.05% 
0.60% 
0.03% 

0.00% 
0.28% 
0.20% 
0.020/0 

0.11 % 
0.03% 
0.2370 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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FIGt:R!:: 95. Temperature-composition phase diagram of NaCI-:'lhCb. 

K. Huber, E. Jost, E. Neuenschu Ander, M. Studer, 
and B. Roth, Hclv. Chim Acta, XLI, 2411 (1958). 

TABLE 536. Electrical conductance studies: NaCl-NbCJ, 

Investigations critically re-examined 

Hef. NbC!. Temp. range 
Comments :'1101 ('f_ (T) 

54 0-21.7 ]073, 1123 Cell material: Pyrex and 
quartz vessels; PI electrodes; 
freq. range: variable; calibra-
tion: IN KCl solution 

Deviations from previous NSRDS recommendations: [1, p. 4] 

Ref. 
Nbc]', 

Min. departure Max. departure Mol % 

54 0 -3.5% (1123 K) -3.9% (l073K) 

Comment: Belozerskii and Freidina [54] used Pyrex and quartz 
conductance vessels for systems rich and poor in the rare earth 
rhloridp re~ppl'tivply_ nne to the vnJ~til1ty of the chTnrirle ~nrl tlu:> 

strong tendency for NbC], to dissociate the duration of experiments 
was minimized, 

J. Phys. Chem. Ref. Data, Vol. 4, No_ 4, 1975 

TABLE 537. NaCI-NbCk Specific conductance (ohm- 1 em-I) 

Mol percent NbCI. 

T 21.7 12.4 12.3 I 7.9 7.2 0 

1073.2 1.32 2.20 2.19 

! 
3.34 

1123.2 1.83 2.60 2.59 2.98 2.94 3.60 

These values are based on the work of Belozerskii and Freidina 
(classical ac technique) [54]. Due to limited data, the experimental 

results are given. 

NaCI-NdCb 

76 

NaCI - NdCI3 

70 

<-) 

~ 
Q) 600 
...... 
:J 

C L+NoCI:3 L + NdCI3 "-
Q) 
c.. 500 
E 
Q) 

430 I-

400 
NoGI +NdCI 3 

300~----~----~----~----~----~ 

o 20 40 60 80 \00 
NoCI NdCI<I 

Mol % NdCI 3 

FIGURE 96. Temperature-composition phase diagram for NaCI-NdCb. 

1. S. Morozov. Z. N. Sheutsova and L. V. Klyukina, 
Russ. J. Inorg. Chern., 7,1639 (1957). 

Melt Preparation and Purification 

Details are given under the system KCI-NdCb. 

TABU; 538. Electrical conductance studies: NaCI·NdCl:. 

Investigations critically re-examined 

Ref. 
NdC]' Temp. range Comments 

Mol % (T) 

186' 0-100 {g) 1073 Cell material and calibration: 
as for 190 

190' 0-100 (g) 1073,1173 Cell material: quartz capillary 
cell; Pt electrodes; treq. 
range: 100,000--250,000 Hz; 
calibration: molten _~aU, KU, 
CsCl 

'Equivalent conductivities were reported. 
Comment: Forthmann et al. [186, 190] initially filled their quartz 

conductance cells with NdC]' under Ar flow; the pure NdCI, was 
melted and HCl gas was passed through the melt until the conduct
ance was constant. Compositions were varied by adding the solid 
alkali chloride. 
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TABLE 539. NaCI·NdCI.: Molar conductance (ohm -1 cm2 mol-I) 

Mol % NaC] I073K Mol % NaCI lO73K 

0 74.3 60 94.0 
10 76.2 70 98.4 
20 7B.9 80 105. 
30 Bl.B 90 119. 
40 86.1 100 135. 
50 90.1 

These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical ac 
tep.hni'1ue) [1901-

800 

~ 600 
~ 
Q) 

"
E 
~ 

400 

o 

NoCI'PbCI Z 

20 40 60 80 100 
PbGI Z NoGI 

Mol % NoGI 

FIGVRE 97. Temperature.composition phase diagram for NaCI.PbCI,. 

K. Treis Neue" ]ahrh. Min .. raL, CeoI-, P"IiiontoI., Bei!. 
Band, 37, 766 (1914). 

Melt Preparation and Purification 

Bloom et al. [103] and Bloom and Macky [49] used 
analytical reagent grade sodium chloride. Their prepara· 
tion of pure lead chloride is given under the system 
CsCl·PbCh. The solidified melts were analyzed by stand
ard methods. 

Bloom, Davis and James [224] used salts of analytical 
reagent purity which were dried before use. Mixtures were 
prepared by weighing the dried salts directly into silica 
tubes. 

Dahl and Duke [238] used "Baker Analyzed" reagent 
grade sodium chloride. The preparation of dry PbCI2 is 
described under the CsCl.PbCI2 system. 

Barzakovskij [63] used "chemically pure" salts which 
were purified by fusion in an atmosphere of dry HCl for a 
period of 2-3 hours. 

TABLE 540. Electrical conductance studies: NaCI·PbCl. 

T. cn tic ally re·examined 

Ref. PbCI. Temp. range Comments Mol 0/0 (T) 

24 45.6,68, 773,873 Cell material: quartz; Pt 
89,100 electrodes; freq. range: 20-

20,000 Hz; calibration: KCl 
solutions 

49 20-100 773-1083 Cell material: silica; Pt 
electrodes; freq. range: 1000 
Hz; calibration: IN KCl 
solutions 

63 45.6,68, 678-1093 Cell material and calibration: 
IlY, lOU as for 24 

142" 20-100 (g) 993 Cell material and calibration: 
as for 49 

Deviations from prevIous NSRDS recommendatwns: [1, p. 13] 

Ref. 
PbC]' Min. departure Max. departure 

Mol 0/0 

24 100 -0.93% (873 K) 
49 100 -0.41% (873K) -0.700/0 (923 K) 
63 100 -0.19% (924 K) -3.9% (84IK) 

"Data from reference [49]. 
Comment: Bloom and Macky [49] estimated the accuracy of their 

conductance measurements on molten mixtures to be :±;O.S%. 

J. Phys. Chem. Ref. Data, Val. 4, No.4, 1975 
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TABLE 541. NaCl·PbCk: 

~ 

T 100.0 90.0 80.0 72.0 50.0 33.3 20.0 

780 
! 

1.544 1.558 
790 1.587 1.607 
800 1.630 1.656 
810 1.672 1.704 
820 1.715 1.751 
830 1.737 1.755 1.758 1.797 
840 1.780 1.800 1.801 1.843 
850 1.823 1.845 1.844 1.887 
860 1.865 1.889 1.886 1.931 
870 1.908 1.932 1.929 1.974 
880 1.950 1.975 1.972 2.016 2.046 
890 1.991 2.016 2.015 2.058 2.084 
900 2.033 2.057 2.058 2.099 2.122 
910 2.074 2.098 2.101 2.139 2.160 
920 2.115 2.137 2.144 2.178 2.198 
930 2.156 2.178 2.187 2.216 2.236 
940 2.196 2.214 2.230 i 2.253 2.274 
950 2.236 2.251 2.273 2.290 2.312 2.447 
960 2.276 2.287 2.316 2.326 2.350 2.485 
970 2.315 2.323 2.359 2.301 2.388 2.523 

980 2.354 2.358 2.402 2.395 2.426 2.560 
990 2.393 2.392 2.445 2.429 2.464 2.598 

1000 2.432 2.425 2.488 2.462 2.502 2.635 
1010 2.470 2.4:;0 2.532 2.493 2.::;40 2.672 

1020 2.508 2.490 2.575 2.524 2.578 2.708 
1030 2.546 2.521 2.618 2.555 2.616 2.745 
1040 2.583 2.551 2.661 2.584 2.654 2.781 
1050 2.621 2.5Bl 2.701 2.613 2.692 2.B17 

1060 2.658 2.610 2.748 2.641 2.730 2.853 3.115 
1070 2.694 2.638 2.791 2.668 2.768 2.889 3.185 
1080 3.255 

Temperature·dependent equations 
K a.J.. bT + cP 

Mol % PhCl. a b' 103 C. 107 Stand. error of est. 

20.0 -4.294B 6.9903 0 0.020/0 

33.3 -2.1546 5.8766 -10.872 o.<iI% 
50.0 -1.2982 3.8000 0 0.00% 
72.0 -4.7648 11.224 -39.975 0.170/0 
80.0 -1.7]72 4.09SO 1.1064 O.OBo/n 
90.0 -4.6606 10.872 -37.860 0.22% 

100.0 -2.8404 6.6977 -14.256 0.32% 

These values are based on the work of Bloom and Macky"(classical ac technique) [49]. 

TABLE 542. Density studies: NaCl·PbCl. 

Investigations critically re·examined 

Re!. PbCJ. Temr' range Cell Matenal Mol % T) 

24 49.8-100 773,873 

103 24.8-100 77CJ.-.1075 Sinker of 10% 
fih-PI 

142 CJ.-.lOO (g) 993 

165 50 673--973 

193 20---]00 873,973 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

Calibration 

Water 

TABI.E 542. D.·nsity studies: NaCl·PbCI, 

irom previous NSRDS recommendations: [1, p. 13] 

Ref. PhC]' l\1.in. departure M('lX:. dt"petrture Mol % 

24 100 -0.41% (773K) -1.00/0 (873K) 
103 100 -0.04% (920 K) -0.02% (960 K) 
193 100 0.23% (873 K) 

Comment: Corrections were made by Bloom et al. [103] for melt 
condensation on the suspension wire, upthrust due to surface tension 
and the buoyancy of the oinker'in air. Condensation was found to 
he a problem only for melts of pure PbCl.. Total corrections 
amounted to 0.1 to 0.2%. Data was given in the form of linear 
temperature dependent equations with standard deviations in the 
range: 2.0 X 10- 3 g cm- 3 (JOO mol % PbCI2) to 3.0 X 10-3 

g cm-3 (24.8,50.0 and 7S mol % PbCl,). 



T 
I 

100.0 

770 
780 
790 
800 
RIO 
820 
830 
840 

850 
860 
870 
990 

890 
900 
9JO 
920 4. no 
930 4.715 
940 4.701 
950 4.686 
960 4.67] 
970 4.556 
980 4.642 
990 4.627 

1000 4.612 
1010 4.597 
1020 4.582 
1030 4.568 
1040 4.553 
1050 4.538 
1060 4.523 
1070 

dean method) [103]. 

PROPERTIES OF CH!'oii.lDES AND MIXTURES 

110] percent PbCl, 

75.0 50.0 21·.8 

4.394· 
4.381 
4.367 
4.354-
4.310 
4.327 
4.313 3.635 
4.;')00 3.624 

4.286 3.613 
4.27.) .3.601 
4.259 3.590 
1.216 I 3.679 

4.232 .).568 

4.219 3.SSS 
4.205 .'3.545 
4.192 .1.;;.34 

4.178 3.523 
4.165 3.512 
4.151 3.500 
41~7 ~ 4AQ . 

4.124 3.478 
3.467 2.670 
3.455 2.662 
3.444 2.653 
il.4~.3 2.644 
3.422 2.6::16 
3.410 2.627 

2.618 
2.610 
2.601 
2.59.'3 

TAlJLE 544. Surface tension studies: NaCI·PbC]' 

Investigations criticallv re·examined 

Ref. PbCl, Temp. range. 
Commep.t~ 

Mol % (1') 

224 0, 25.U, 50.U, ~723--1293 Cell material: ca pillary of Pt-
75.2, ]00 ]O%Rh; calibration: micro· 

5cope used to determine 
diameter of capillary, method 

; checked using benzene 

238 48.5,54.1, 76B-863 ~ Cell material and calihration: 
(,1.2, BO.4, as for 224; melt contained in 

100 PI crucible 

250 0,50,75, 773,873, 
90,100 1073,1173, 

1273 

254- 0-100 76B-12]0 Cell material and calibration: 
as for 2.18 

Deviations from previous NSRDS recolllmendations: [2, pp. 57, 61] 

Her. I 
Pbeb Min. dt'parture Iv! ax. d{'parture Mol % 

224· 

I 
100 -0.08% (813K) 0.31 '/0 185:1 K) 

250 75 5.7% (773 K, 873 K) 
250 

i, 
50 3.9% (773K) 5.0% (873K) 

224 

I 

0 0.19% (119.'lK) 1.8% (l093 K) 
2S0 0 0.19% (117.3 K) 
254- 0 -1.9% (1126 K) -3.0% (1099 K) 

Comment: llloom et al. [224] reported an accuracy in their 
method of ±0.25 dvn em"'. The temperature range studied was 
stated as 200·C with an initial temperature of about 10°C above 
the melting point. Hemarks concerning reference [238] are given 
under the system LiCI·PhC]" 

Values for pure Pbel,. reported by Dahl and Duke [238, 254] 
were recommended in NSRDS-NBS-28 [2]. 

J. !'hy •. Chern. Re~. Da'e:. Vol. 4, No.4, 1975 
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T 

720 
740 
760 
780 
800 
820 
84-0 
850 
880 
900 
920 
940 
960 
980 

1000 
1020 
1040 
1050 
1080 
110U 
H2O 
1140 
1160 
1180 

1200 
1220 
1240 
1260 

1280 

TABLE 545. !'laCl·PbCl,: Surface tension (dyn em-l) 

100.0 

! 

134.2 
132.0 
129.8 
127.6 
125.4 
123.2 
121.0 
118.8 
116.5 
114.4 

Mol percent PbCI, 

75.0 50.0 

134.1 
132.0 
130.0 
127.9 
125.9 
123.9 
121.8 124.6 
119.8 122.5 
117.7 120.3 
115.7 118.2 
113.7 115.1 

113.9 
111.8 
109.6 
107.5 
105.4 

24.8 

112.5 
1l0.6 
108.6 
106.5 
104.6 
1U2.6 

10M 
98.6 
96.6 
94.6 

Temperature.dependent equations 
'Y= a + bT 

i 

Mol % PbCl, a b·102 

0.0 ! 216.2 -9.3 
24.8 212.6 -10.0 
50.0 214.5 -10.7 
75.0 207.5 -10.2 

100.0 222.2 -11.0 

0.0 

113.9 
112.0 
110.2 
108.3 
106.5 

104.6 
102.7 
100.9 

90.0 
97.2 

These values are based on the work of Bloom et a1. (maximum 
bubble pressure metbod) [224J. 

D 
.e..... 

Q) 
'-.;: 
0 .... 
Q) 

0.. 
E 
<l> 

I-

NaCI·PrCb 

800.1':"""-----.,---.,.----;----..., 
765 

NaCI-PrCI3 
700 

600 

500 \ 
4(;R 

400 

300~--~----~---~--~----~ 

o 20 40 60 80 100 
Nael PrCI3 

Mol % PrCI:: 

Z. N. Slestsona, E. N. Karzina and B. G. Karshunan, 
Russ. J. Inorg. Chern., 7, 13~ (1962). 

Melt Preparation and Purification . 

Praseodymium trichloride was prepared and analyzed 
as described under the system KCI-NdCh, 

TABLE 546. Electrical conductance studies: NaCl-PrCb 

Investigations critically re·examined· 

Ref. PrC], Temp. range Comments Mol % (T) 

190' 0-100 (g) 1073 Cell material: quartz capillary 
cell; Pt electrodes; freq. 
range: 100,000--250,000 Hz; 
calibration: molten esc]' KC], 
NaC] 

'Equivalent conductivities were reported. 
Comment: Expenmental details are bnefly drscussed under the 

system KCI·NdCla. 

TABLE 547. NaCl-PrCl.: Molar conductance (ohm- 1 cm2 mol-I) 

Mol % NaC] 

o 
10 
20 
30 
40 
50 

'Extrapolated values. 

1073K 

7fi.4 

78.7 
80.9 
83.4 
86.5 
89.5 

Mol % NaC] lO73K 

fiO <)2.9 

70 96.3 
80" 103. 
90' 114. 

100' 133. 

These values have· been interpolated to three significant figures from the gre.phicaJ presentation of Forthmann and Schneider {classical ac 
technique} [190]. 

J. Phys. Chern. Ref. Oata, Vol. 4, No. 4,1975 
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NaCI-RbCI 

819 

800 NaCI-RbCI 

u 726 

~ 700 
(I) 
>
:::l 

-0 .... 
(I) 
0-
E 600 ~ / 

-~~-----~------------~ 

500 

o 
RbCI 

Mol % NaGI 

100 
Noel 

FU:I1RE 99. Tempp.ratnre-r.omposilion phase diallram for NaCI-RbCl. 

S. Zhenchuzhuni and F. Rambach, Z. Anorg. Chern., 
65,415 (1910). 

Melt Preparation and Purification 

The preparation of pure sodium and ruhidium chlorides 
by Zuca and Olteanu [98J is discussed under the CsCI. 
Liel system. Dry argon was hubhled through the molten 
mixtures to eliminate small traces of nCl. 

For viscosity measurements, Berlv:.:;:.:;i [243] u:,;\::u ~iU"

fully dried Merck and B. D. H. salts without further 
purification. 

TABLE 548. Electrical conductance studies: NaCI·RbCI 

Investigations critically re-examined 

Ref. RbCI Temp. range Comments 
Mol % (T) 

98 0,25,50, 993-1233 Cell material: quartz or silica 
75,100 glass capiUary cell; Pt 

electrodes; {req. range: 1000-
7000 Hz; calibration: 0.1M 
and 1.OM KCl solutions 

2HI eutectic (g) 1106-1384 

Deviations from previous NSRDS recommendations: [1, pp. 4, 6] 

Ref. RbCI Min. departure Max. departure 
Mol % 

98 100 0.12% (l010 K) -4.4% (l200K) 
98 0 -0.11 % (1090 K) -1.40% (1170 K) 

Comment: Zuca and i)lteanu [98] report, in addition to experi
mental specific conductivities, Arrhenius equations (equivalent 
conductances as a function of temperature) with standard devia
tions for EA, the activation energy, in the range: 1.3 X 10-2 Kcal 
mol-1 (75 mol % RbCl, E>.. = 3.65 Kcal mol-') to 2.8 X 10-2 

Koal mol-1 (l00 mol % RbCl, E>.. 3.75 Kcal mol-1
). 

. TABLE 549. NaCl·RbCl: Specific conductance (ohm-1 cm-1) 

Mol % RbCI 

T 100 75 50 25 0 

1020 1.574 
1030 1.596 
1040 1.618 
1050 1.640 1.786 2.504 
1060 1.662 1.809 2.060 2.527 
1070 1.683 1.831 2.082 2.550 
10M 17M U1F>2 2.1£14 2.573 
1090 1.725 1.873 2.125 2.596 3.626 
1100 1.745 1.894 2.147 2.619 3.652 
1110 1.766 1.914 2.168 2.642 3.677 
1120 1.785 1.934 2.190 2.665 3.702 
1130 1.805 1.954 2.211 2.688 3.726 
1140 1.824 1.973 2.235 2.711 3.749 
ll50 1.843 1.992 2.255 2.734 3.7711 
1160 1.862 2.010 3.795 
1170 1.880 3.817 
1180 1.889 
1190 1.916 

Temperature.d.ependent equatlon£' 

K a+ bT+cT2 

Stand. 
Mol % RbCI a b. 103 c'106 error 

of P.t. 

0 -2.4204 8.4918 -2.7014 {)'{)1% 
25 0.0825 2.3058 0 0.190/0 
SO -0.2315 2.1618 0 0.17% 
75 -2.739:3 G;::17l0 -1.962:> 0.10% 

100 -2.3072 5.3381 -1.5035 0.02% 

These values are based on the work of Zuea and Olteanu (classi. 
cal ac technique) [98]. 

TABLE 550. Density. studies: NaCI.RbCI 

Investigations critically re-examined 

Ref. RbCl Temp. range Comments Mol 0/0 (T) 

98 0,25, SO, 1013-1223 Cell material: Pt ball; 
75,100 calibration: water 

328 (}"100 (g) 1073 

Deviations from previous NSRDS recommendations: [I, pp. 4, 6] 

Ref. RbCl Min. departure Max. departure 
Mol 0/0 

98 100 -0.02% (l080 K) 0.150/0 (l200 K) 
98 0 -0.06% (1090 K) -0.130/0 (1170 K) 

Commeut; nt:.i.ily l~.uJa." In [98] were reported ", linear 

temperature-dependent equations with standard deviations in the 
range: 2 X 10-4 g cm-a (0 mol % RbCl) to 9 X 10-· g cm-8 

(100 mol % RbCl). 

J. Phys. Chem. Ref. Dala, Vol. 4, No.4, 1975 
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TABLE 551. NaCl·RbCI: Density (g crn;-3) 

Mol percent HbC! 

T 100 90 80 70 60 50 40 30 20 lO 0 55 

1000 2.137 2.083 
10lO 2.178 2.128 2.075 2.019 1.959 1.895 1.829 1.759 1.989 
1020 2.217 2.170 2.120 2.067 2.010 1.951 1.887 1.821 1.751 1.981 
1030 2.208 2.162 2.112 2.059 2.002 1.943 1.880 1.813 1.743 1.973 
1040 2.200 2.154 2.1M 2.051 1.994 1.935 1.872 1.805 1.736 1.663 1.965 
1050 2.192 2.145 2.096 2.043 1.987 1.927 1.864 1.798 1.728 1.655 1.957 
1060 2.183 2.137 2.088 2.035 1.979 1.919 1.856 1.790 1.721 1.648 I 1.949 
lO7{1 2.175 :!.129 2.079 2.027 1.971 1.911 1.849 1.782 1.713 1.640 I 1.941 
1080 2.166 2.121 2.071 2.019 1.963 1.903 1.841 1.775 1.706 1.633 I 1.933 
1090 2.158 2.112 2.063 2.01l 1.955 1.896 1.833 1.767 1.698 1.626 1.550 1.925 
1100 2.150 2.lO4 2.055 2.003 1.947 1.888· 1.826 1.760 1.691 1.619 1.543 1.918 
llIO 2.141 2.U\lO :l.U47 1.995 1.939 1.880 1.818 1.753 1.684 1.612 1.536 1.910 
1120 2.133 2.087 2.039 1.987 1.931 1.873 1.811 1.745 1.677 1.605 1.529 1.902 
1130 2.124 2.079 2.031 1.979 1.924 1.865 1.803 1.738 1.670 1.598 1.523 1.895 
1140 2.116 2.071 2.022 1.971 1.916 1.858 1.796 1.731 1.663 1.591 1.516 1.887 
1150 2.107 2.062 2.014 1.850 1.789 1.724 1.656 1.584 1.509 1.879 
1160 2.099 2.054 2.006 1.781 1.717 1.649 1.578 1.503 
1170 2.090 2.046 1.642 i 1.571 1.497 
1180 2.082 2.037 i 

i 
1190 2.073 2.029 ) 

1200 2.064 2.021 
1210 2.056 

I 
1220 2.047 i 
1?30 2.039 I 

I 

Two·dimensional equation and statistical parameters 
p a + bTl + cCZ ..:.. drs + eTC + jCT2 

I ! 

Stand. 
a b • 107 C. 105 it. 1010 e' 106 f· lQ9 Max. percent departure error 

of est. 

2.73858 -6.92120 -1.66805 
I 

1.86672 -9.50064 5.00290 
I 

0.47% (1l73.2K, 
0.12% 

75 mol % NaC]) 

These values are based on the work of Zuca and Olteanu (Archimedean method) I98]. C = mol % NaCI. 

J. Phys. Chern. Ref. Data, Vor. 4, No.4, 1975 
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T AllLF. 552. N a C.RbCI: Dcn~it)" (g em - 3) TAIlI.F. SS2. NaCl·RbCI: Dl'nsity (g: I'm-g)-Continued 

Mol;!o RbCl 

T 100 
I 

75 50 

1000 
I 

2.108 
1010 i 2.100 1.958 
1020 2.218 I 2.092 1.950 
1030 2.209 2.084 1.943 
1040 2.201 2.076 1.936 
1050 2.192 2.068 1.928 
1060 2.184 2.0GO 1.92l 
1070 2.175 2.052 1.914 
1080 2.167 2.044 1.906 
1090 2.158 2.036 1.899 
1100 2.150 2.028 1.892 
1110 2.14,1 2.020 1.885 
1120 2.133 2.012 1.8ii 
1130 2.124 2.004 1.870 
1140 2.116 1.996 1.863 
1150 2.107 1.988 1.855 
1160 2.099 
lliD 2.090 
1180 2.082 
1190 2.07.'l 

1200 2.065 
1210 2.056 

I 

J220 2.01·8 
I 12:)0 2.039 

T 100 90 flO 

865 
880 
895 
910 
925 103.8 
;/.1-U 10:1.7 
9S5 101.6 
970 100.5 
985 98.0 99.3 

1000 96.9 98.2 
1015 94.4- 95.8 97.1 
1030 9.~.:-i 9·1..7 96.0 
1045 92.1 9:1.6 9·t,9 
1060 91.0 92.4- 93., 
1075 89.9 91.3 92.6 
1090 88.8 90.2 91.5 
1105 87.0 89.i 90.1 
1120 8G.S 88.0 G9.2 

115S 86.8 R8J 
ma 85.7 87.0 
1165 ! 85.9 

a b· 10~ 

17C.2;;8~1 -7.4702.+ 

2S 0 

1.797 
1.789 
1.781 
1.773 
1.765 
1.757 
1.749 
1.741 
1.733 1..:;46 
1.72S 1.540 
1.717 1.53S 
].709 1.529 
l.701 1.524 
1.69:3 1.518 
1.685 1.513 

1.677 1.508 
1.669 Vi02 

I 

Temperature·dependent equations 

p a + bT 

Mol % RbC] a b • 10~ Stand. clev. 

0 2.1390 -0.5444 0.0002 

25 2.6034 -0.7988 0.0005 

50 2.(i952 -0.7:l03 0.0007 

7S 2.9095 -0.8016 0.0007 
100 3.0R63 -0.8514 0.0009 

These valuNl arc based on the work of Zuea and Oltcanu (Archi· 
mcdean method) [981. 

TABLE 553. Surface tension .tudies: NaCI.RbCl 

COl1ll1ll'nt: Experimental al?peets of this work [243] are dil'russed 
in :'lSRDS-NBS-28 [21. 

TABLE 554. NuC1·RbCl: Surface tcnsion Idyn I'm-I) 

1'1101'70 RbCl 

70 60 50 40 30 

11Ll 11:3.0 
108.5 110.0 111.9 111.2 
107.4 108.9 llO.? 113.1 
106.3 107.8 109.6 ]12.0 
]05.1 J06.6 108.:; JJO.9 
104.0 105.5 lU·i.'1 lOY.S lI2.S 

102.9 JOH 106.3 108.6 111.7 
101.8 103.3 105.1 107.5 ]](1.6 
100.7 102.2 10~.O IO().4 J09.S 

99.5 101.0 102.9 10S .. 1 lOll.:> 
98.~ 99.9 101.8 10·!,] 10,.2 
97.3 98.8 lOOJ, 10:\.0 106.1 
96.2 97.7 99.5 101.9 10S.0 
95.0 96.5 98,4, 100.8 10:-\.8 
93.9 9SA 97.:~ 99.7 Hl2.7 
92.8 94· .. 3 91i.2 98.5 101.6 
91.7 9.3.2 95.0 97.4 100.~ 

90.6 92.1 93.0 'J6.a 99.1· 

89.4 90.9 92.8 95.2 98.2 
88.3 89.8 91.7 9·+.] 97.1 
87.2 

i 
88.7 90.0 92.9 90.0 

Two-di:ncneionlli ~qnation and f'taUsticai parameters 

"(:= a + bT + cC -1- dC" + eCS 

! 

20 10 

111.1 
I1C.O 
J08.9 
107.8 
106.7 111.6 
lOS.;) 110.5 
104.4- 109.4 
]0:3.3 108.2 

102.2 10i.1 
101.0 106.0 

99.9 104.9 

C' 10' d' 103 e ' 105 Max. perrcnt departure 

1.55900 -1.5-1718 2.i1189 
! 

0 .. 'l00: IJl(j:1 K. 2;; 

'" 'oC 

0 55 

112.0 
110.9 
109.8 
108.6 
107.5 
!UClA 
105.~ 

104.2 
10:1.0 
101.9 
100.8 
99.7 
98.5 
97.4 
96.3 

116.6 95.2 
115.5 94.1 
3i4.4 92,9 
]]:l.2 91.8 
] 12.1 90.7 

I 111.0 89.6 

Stand. 
er:or 
of pst. 

O.I.'C;o 

Tl'c.;e yaluc5 are hased on tile W0rk {If Bertozzi I.\'i'iilwlm\ slide r-la1e meU:od J [24·;)J. C:= mol ~( NnC!. 

.I. I'hys, Chern, Ref. O"ra, Vol 4, Nc. 4, 1915 
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TABLE 555. NaC]·RbCl: Surface ten,ion (dYH cm- 1
) NaCI·ScCb 

T 100 

870 
880 
890 
900 
910 
920 
930 

I 

940 
950 
960 
970 
980 
990 

1000 
1010 94.8 
1020 94.0 
1030 93.3 
1040 92.5 
1050 91.8 
1()60 QU 

1070 90.3 
1080 89.6 
1090 88.8 
noo 8B.l 
mo 87.4 
1120 86.6 
1130 85.9 
1140 
1150 
1160 
li70 

Mol % RbCI 

o 
25 
50 
75 

100 

Mol % RbCl 

75 50 25 

112.6 
111.9 
111.1 

106.4 
: 

110.4 
105.6 109.7 
104.9 108.9 
104.1 108.2 
103.4 107.4 
102.6 106.7 
IOU 106.0 
1Ol.l 105.2 

I 100.3- 104.5 111.5 

99.6 103.7 110.7 
98.8 103.0 110.0 
98.0 102.3 109.3 
97.3 101.5 10B.5 
96.5 100.8 107.8 
95.8 100.0 107.0 
95.0 99.3 106.3 
Qil.? QRfi lOSfi 

93.5 97.8 104.8 
92.7 97.1 ! 104.1 
92.0 96.3 103.3 
91.2 95.6 102.6 
90.4 94.9 101.9 
89.7 94.1 lOLl 
88.9 93.4 100.4 
88.2 

I 

92.6 99.6 
87.4 91.9 98.9 
86.6 

\ 

91.2 98.2 
85.9 9OA. 97.4 

Temperature·dependent equatious 
'Y = a + bT 

I 

b· 102 

197.3 
184.0 
177.0 
174.B 
169.5 

-7.4 
-7.4 
-7.4 
-7.6 
-7.4 

0 

116.6 
115.9 
115.2 
114.4 
113.7 
112.9 
112.2 
111.5 
110.7 

These values are based on the work of Bertozzi (Wilhelmy slide 
plate method) [243]. 
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FIGURE 100. Temperature'composilion phase diagram for NaC!· 
SeC] •. 

N. Ya. Fedoroy and E. S. l'etTov, Izv. Sib. Old. Akad. 
Nauk. 5.S.S.R. Ser Khim. Nauk., I, 48 (1967). 

Melt Preparation and Purification 

Chemically pure sodium chloride, recrystallized and 
fused, was used by Fedorov and Petro v [73]. The purifi
cation of ScCb is given under the LiCl-ScCh system. 

TABLE 556_ Electrical conductance studies: NaCl·ScCI, 

Investigations critically re·examined 

Ref. SeC], Temp. range Comments 
Mol % (T) 

73 ~0-85 (g) 833-1233 Cell material: quartz cell; Mo 
wire electrodes; calibration: 
IN KCl solution 

Comment: Refer to the system LiCI·ScCb, for remarks concerning 
the experimental method and accuracy of the study by Fedorov and 
l'etrov 173j. 

TABLE 557. NaCJ·ScCb: Specific conductance (ohm- I ern-I) 

Mol % 83& K 913 K 993 K 1073 K 11531<. 12331<. SeC\' 

0 3.55 3.74 3.89 
10 2.92 3.11 3.27 
20 2.05 2.27 2.44 2.63 
30 1.16 1.4-2 1.64 1.82 2.00 2.16 
4U U.tly 1.11 1.31 1.52 1.68 1.80 
50 1.05 1.22 1.36 1.4.6 
60 l.lS 1.24-
70 1.14 
80 1.02 

These values have been interpolated to three ,ignificant figures 
from the graphical presentation of Fedorav and Petrov (classical ac 
technique) [73J. 
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FIGURE 101. Temperature·composition phase diagram for NaC]· 
SmC]". 

B. G. Korshunov, D. V. Drobot, V. V. Bukhtiyarov and 
S. N. Shevtsova, Russ. J. Jnorg. Chern., 9, 773 (1964). 

Melt Preparation (lnd Purifil:ati@r1 

Samarium irichloride was prepared and analyzed as 
described under the system KCI·NdCls. 

TABLE 558. Electrical conductance studies: NaC]·SmC]' 

Investigations critically re·examined 

Ref. SmC]' Temp. range 
Mol % (T) 

Comments 

190' 0-100 (g) 1073 Cell material: quartz capillary 
cell; Pt electrodes; freq. 
range: 100,000-250,000 Hz; I 

I I 
calibration: molten esC!, KC], 
NaG 

Comment: Experimental details a:re briefly discussed under the 
system KCl·NdCIa. 

TABLE 559. NaCl·SmCj,: Molar conductance (ohm- 1 em2 mol-oJ 

1073 K Ii Mo! 'Po NaC! 

QQ.3 

II 
60 

71.0 70 
74.0 80 
78.1 I 98 
33.3 I 100 I 

88.S I 
! 

l073K 

91.2 
94.0 

102. 
116. 
137. 

These 'v'aJues have been interp'o~c.tcd to ~hree significant figu:-es f::om the g:-uphicE.I presc:it,liiarl of Fcrthi!1Unn und Schneider (c1assic[il ac 
lcc£-!nicU.l(') [l?Gj. 
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NaCI-SrCh 
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FIGURE 102. Temperature-composition phase diagram 
SrD •. 

Erhard Vortisch, N eues lahrb. Mineral., 
202 (914). 

JANZ ET Al. 

100 
SrCI 2 

for NaC!. 

GeoI., 38, 

Melt Preparation and Purification 

In their viscosity measurements, Bertozzi and Soldani 
[244] ulitld carefully JrkJ Mtlro.;k awl n. D. II. :,allll vi 
analytical purity without further purification. 

TABLE 560. Density studies: NaCI·SrCI. 

Density 

A study of this system has heen reported by Kuz'micheva and 
Zakhvalinskii [3261. No data are given. Isotherms were obtained at 
10-20 molar l'"rr.f>nt ~t"p~ in the temperature range of 923-1173 K. 
The densities were obtained using the hydrostatic method with a 
Pt ball. 

TABLE 

Ref. 

244 

Investigations critically re-examined 

SrCI. 
Mol 'f/7 

Q-100 (g) 

Temp. range 
(T) 

1123 

Comment: The surface tension data reported in reference [244J 
were stated to be reproducible to within 0.5%. 

TABLE 562. NaCl·SrCI.: Surface tension (dyn em-I) 

Mol 'fo Srel. 1073 K Mol % SrCI. 1073K 

0 114 60 142 
10 118 70 148 
20 122 80 155 
30 126 90 162 
40 132 100 171 
50 136 

These values have been interpolated to three significant figures from the graphical presentation of Bertozzi and Soldani. (Wilhelmy slide plate 
method) [244]. 

J. Phys. Chem. Ref. Dala, Vol. 4, No.4, 1975 
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NaCI-ThC!4 

900p=--------------------------~ 

801 
NoC! - ThCI 4 

768 

Mol 0/" Thel .. 

FICl'RE 103. Temperalure.composition phase diagram for NaCl. 
ThCl •. 

S YMhirla, R, Oyamo.da, T. Kuroda, Den!.i. KngIlJ,u, 

36, 297 (1968). 

Melt Preparation and Purification 

Reagent grade NaCl [81] was dried under vacuum at 
180°C for more than 24 hours, fu~ed and cooled in an 
argon atmosphere and finally clUshed into fine particles. 
Thorium tetrachloride was prepared by passing chlorine 
~<", lluuugh a mixture of high purity ThO~ and charcoal 
at 850 DC. The product was purified by vacuum distillation 
yielding large, colorle~s, transparent crystals which were 
stored in a glove box under dry argon. 

Kuroda [200J recrystallized commercial (guaranteed 
reagent) NaCl which was then vacuum dried for two days 
at 120°C. ThC14 , prepared by chlorinating pure ThO~, 
was vacuum distilled. Mixtures were prepared by stirring 
the fused melts in an argon atmosphere. Analysis for 
ThCl~ consisted in EDT A titrations beiore and after experi. 
mental measurements. 

TAIlLE 563. Electrical conductance studies: NaCI·ThCL 

Inve~tigations critically re·examined 

Ref. TIICI. Temp. range Comments 
Mol % (T) 

81 20-100' 823-1123 Cell material: quartz capillary 
cell; Pt electrodes; ireq. 
range: 1000 Hz; calibration: 

I 
IN KCI solution 

Deviations from previous NSRDS recommendations: [1, p. 9] 

Ref. Min. departure Max. departure 

81 0.83'}'o (1090 K) -5.2'}'o (1170 K) 

'l\lixtures reported graphically. 

TABLE 564. NaCl·ThCl,: Specific conductance (ohm- 1 cm-l) 

Mol '70 823 K 873 K 923 K 973 K 1023 K 1073 K The), 

0 3.61 
10 2.46 
20 1.50 1.62 1.80 
30 0.S8 1.00 1.12 I 1.22 

40 0.88 1.00 1.12 1.24 
50 0.70 0.85 

i 
0.92 1.02 

60 0.68 0.78 0.89 
70 O.SB 

These value, have heen interpolated to three significant figures 
from the graphical presentation of Kuroda et al. (classical ac 
technique) [81]. 

TABLE 565. Density studies: NaCI.ThCI, 

Investigations critically re·examined 

Ref. ThCl. I Temp. rnnge Cell material 
Mol % IT) 

200 0-100 I 668-1173 ,Pt bob and suspension wire 

Devialions from previous NSRDS recommendations: [1. pp. 4, 13] 

Ref. 
Thel. Min. departure I Max. departure Mol % 

200 100 2.2% (1120 K) 

I 
3.470 (l09O K) 

200 0 2.7,/,0 (1080 K) 3.070 (lliO K) 

J. Phy •. Chern. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 566. NaCl·ThCl.: Density (g em-S), 

Mo! percent The!. 

T 100 78 60 53 45 40 36 33 30 27 24 20 16 11 0 

670 

! 
2.939 

680 3.218 2.929 
690 3.208 3.144 2.920 
700 3.198 3.134 2.910 
710 3.1B8 3.125 3.076 2.996 

I 
2.900 

720 I 3.178 3.115 3.066 2.986 
2.

945
1 

2.891 
730 3.168 3.105 3.056 2.976 2.935 2.881 
740 3.270 3.137 3.09::; 3.046 2.966 2.92::; 2.071 
750 3.266 3.147 3.085 3.037 2.957 2.915 2.861 ~ 760 3.256 3.137 3.075 3.027 2.947 2.906 2.852 

~ 770 3.246 3.127 3.065 3.017 2.937 2.896 2.842 
700 

I 

3.236 3.117 3.055 3.007 2.927 2.886 2.832 
790 3.226 3.107 3.045 2.997 2.917 2.877 2.823 2.745 
800 ! 3.216 3.097 3.035 2.988 2.908 2.867 2.813 2.736 
810 3.206 3.087 3.026 2.978 2.898 2.857 2.803 2.727 
820 3.276 3.196 3.077 3.016 2.968 2.888 2.848 2.794 2.718 
830 3.266 3.186 3.067 3.006 2.958 2.878 2.838 2.784 I 2.709 i 

840 3.255 3.175 3.056 2.996 2.948 2.868 2.828 2.774 . fl.699 . : 850 3.245 3.165 3.046 2.986 2.939 2.859 2.818 2.764 2.690' I 
860 3.nS .3.155 ::lO:lfi 2.97fi 2.929 2.849 2.809 2.755 2.681 
870 3.224 3.145 3.026 2.966 2.919 2.839 2.799 2.745 2.672 
880 3.214 3.135 3.016 2.956 2.909 2.829 2.789 2.735 2.663 2.471 
890 3.203 3.125 3.006 2.946 2.899 2.819 2.780 2.726 2.653 2.462 
900 3.193 3.115 2.996 2.936 2.890 2.810 2.770 2.7116 2.644 2.454-
910 3.183 3.105 2.986 2.927 2.890 2.800 2.760 2.706 2.635 Q.445 
920 3.172 3.095 2.976 2.917 2.870 2.790 2.751 2.697 2.626 2.437 
930 3.162 3.085 2.966 2.907 2.860 2.780 2.741 2.687 2.617 2.428 
940 3.151 3.074- 2.955 2.897 2.851 2.771 2.731 2.677 2.607 2.419 2.365 
950 3.141 3.064 2.945 2.887 2.B41 2.761 2.721 2.667 2.598 2.411 2.357 
960 3.261 3.131 3.054 2.935 2.877 2.831 2.751 2.712 2.658 2.589 2.402 2.348 
970 3.250 3.120 3.044 2.925 2.867 2.821 2.741 2.702 2.648 2.580 2.394- 2.340 
980 3.240 3.110 3.034 2.915 2.857 2.811 2.731 2.692 2.638 2.571 2.385 2.331 
990 3.229 3.100 3.024 2.905 2.847 2.801 2.721 2.683 2.629 2.561 2.376 2.323 

1000 3.218 3.089 3.014 2.895 2.837 2.792 2.712 2.673 2.619 2.552 2.368 2.314 
1010 3.208 3.079 3.004 2.885 2.828 2.782 

I 
2.702 2.663 2.609 2.543 2.359 2.306 2.066 

1020 3.197 3.068 2.994 2.875 2.818 2.772 2.692 i 2.654 2.600 2.534 2.351 2.297 2.059 
1030 .3.186 3.058 2.984 2.665 2.806 2.762 2.682 2.644 2.590 12.525 2.342 2.269 2.051 
1040 3.175 3.048 2.974 2.855 2.798 2.753 2.673 2.634 2.580 2.515 2.333 2.280 2.0441 
1050 3.352 3.165 3.037 2.963 2.844 2.788 2.743 2.663 2.625 2.571 2.506 2.325 2.272 2.036 
1060 3.339 3.165 3.027 2.953 2.834- 2.778 2.733 2.653 2.615 2.561 2.497 2.316 2.263 2.029 
1070 3.32::; 3.143 3.016 2.943 2.024 2.760 2.723 2.643 2~605 2.GGI 12.400 2.300 2.2::J::J 2.021 
1080 3.311 3.133 2.299 2.246 2.014 1.546 
1090 3.297 3.122 2.290 2.238 2.006 1.541 
1100 3.283 3.m 

! 2.282 2.229 1.999 1.536 
1110 3.268 3.10l 2.273 2.221 . 1.991 1.531 
1120 3.254 3.090 2.265 2.212 1.984 1.526 
1130 1.976 1.521 
1140 1.969 1.516 
1150 1.961 1.511 
1160 1.954- 1.506 
1170 i I 1.946 1.501 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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Temperature-dependent equations 

p a + bT 

fllal % ThCI, 

o 
11 
16 
20 
24 
27 
30 

33 
36 
4() 

45 

53 
60 
78 

100 

a 

2.086 

2.824 
3.16·1. 
3.228 
3.472 
3.589 
3.64.3 

3.692 
3.772 
3.B28 
3.9D5 
4.024 
4.129 
4.288 
4.823 

b' 10' 

-5.0 
-7.5 
-B.5 
-B.6 
-9.2 
-9.7 
-9.7 
-9.B 
-9.8 
-9.9 

-JU.l 

-10.1 
-10.4 
-10.7 
-14.0 

The8e values are based on the work of Kuroda et al. Uurhimedean method) [200]. 
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F1Glli\E 104·. Temperature"composition phase diagrnn: ior Nne]· 
TiCL. 

B. F. ~!arko\" and R. V. Cherno .... Chain. Khim. Zhur .. 
25, 280 (] 959 ) . 

Melt Preparation and P"urificatiol"l 

Refer (0 the system KC!-TiCl;J. 

TABLE 567_ Electrical conductance studies: NaC]-TiCl. 

Investigations critically fe-examined. 

Ref. TiCb Temp. range Comments Mol % (Tl 

55 :::::0-50' 1073 Cell material: quartz; PI elec-
trodes; freq. range: 1400 Hz 

59 :::::0-50 (g) 1073' Cell material; quartz: Pt elec-
trodes; freq. range: 1400 Hz 

61 :::::0-32' 1073-1223 Cell material, qllRrt7.: frNJ. 

range: Il50 Hz; calibration: 
0.02N KCI ~olution 

Deviations from prel"ious NSRDS recommendations: [1, p. 5] 

Ref. TiC], Min. departure Max. departure Mol % 

61 0' -4.7% (l223 K) -5.1 % (ll23 K) 
61 0 -6.0% (l073 K) 

'Graphical except for pure NaC!. 

TARLE 568. N aCl-TiCl,: Specific conductance (ohm- 1 cm- 1 ) 

20 
30 
4(J 

1.9 
1.7 
1.6 

TheeC valu('" i,aYe been interpoiated to two significant figures from 
the graphical presentation af Deiimarskii and Chernov (classical ae 
tcchniquc) [55]. 

J. I>hY5. Chem. Ref. Data, Vol. 4, No.4, 1975 
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FIGURE 105. Temperature.composition phase diagram for NaC!. 
UCL 

C. A. Kraus, Report No. TII-251, July 1, 1943. Con. 
firmed at Oak I:lidge National Laboratory, Oak Ridge, 
Tenn., by C. J. Barton, ct a1., Phase Diagrams of 
Nuclear Reactor !llat~rials, R. F. Thoma, ed., ORKL-
2548, p. J33 (1959). 

Melt Preparation and Purification 

Mochinga [135, 137] prepared UCla using the method 
described under the system KCITCh. 

Ref. 

135 
137 
190 

TABLE 569. Electrical conductance studies: NaCI·UC]' 

Investil,(ations critically re·examined 

. UCI. 
Mol 0/0 

D-100 (g) 
5.0-84.9 

10-100 (g) 

Temp. range 
(T) 

973-1123 
872-1225 

1123 

J. Phy •. Chern. Ref. Data, Vol. 4, No.4, 1975 

TABLE 570. NaCI.UC],: Specific conductance (ohm- 1 cm-l) 

T 84.9 

880 
890 
900 

910 
920 
930 
940 

950 
960 
970 
9RO 

990 
]000 
1010 
1020 
1030 

I 
1040 

I I 
1050 
1060 
1070 
]080 1.02 
1090 1.06 
1100 L08 
lll0 1.11 
1120 1.14 
1130 1.16 
1140 l.lB 
1150 1.20 
1160 1.22 
1170 1.24 
1180 1.26 
1190 1.27 

1200 1.28 
1210 1.29 
1220 

75.1 

0.93 
0.96 
0.99 
1.03 
1.05 
1.08 
1.11 
1.13 
1.15 

l.lB 
1.20 
1.22 
1.23 

1.25 
1.26 
1.28 

Mol percent UCI, 

54.9 

1.04-
1.07 
1.10 
1.12 
1.15 
1.17 
1.20 
1.22 
1.25 
1.27 
1.29 
1.31 
1.33 
1.35 

1.37 
1.38 
lAO 
1.42 

1.43 
1.45 

45.0 31.7 25.7 

1.09 
1.13 
1.16 

1.19 
1.22 
1.25 
1.2B 

1.07 1.30 I] .50 

1.10 i 1.33 1
1.53 

1.13 1.36 1.56 
Uti UH 1.59 
LI8 1.40 1.62 
1.21 1.43 1.64 
1.24 1.45 1.67 
1.27 1.47 1.69 
1.29 1.48 1.71 
1.32 1.50 1.73 
1.35 1.52 1.75 
1.37 1.54 1.76 
1.40 1.55 1.78 
1.42 1.56 1.79 
1045 1.58 1.80 
1.47 1.59 1.81 
1.49 Ul2 
1.52 1.82 
1.54 
1.56 
1.58 

1.60 
1.63 
1.65 
1.67 

1.68 
1.70 

Temperature·dependent equatIons 
K=a+ bT+ cT2 

20.0 5.0 

1.81 
1.83 
1.B6 
1.B9 
1.91 

) 1.94 
1.96 
1.98 
2.00 
2.01 
2.03 2.]4-
2.05 2.15 
2.06 2.17 
2.07 2.18 
:::.Ull 2.19 

2.20 
2.20 
2.21 
2.21 

' 2.20 
2.20 

I 

Mol % UCI, a b • 103 e' 10' 

5.0 -13.663 27.709 -12.096 
20.0 -7.244 15.749 -6.617 
25.7 -8.915 18.644 -8.0B7 
31.7 -5.969 12.641 -5.247 
45.0 -3.736 7.101 -2.153 
54.9 -5.992 10.902 -3.930 
75.1 -10.676 18.336 -6.999 
84.9 -12.551 21.953 -8.688 

Thece VClIUG" are ba .. d on the work of Mochinafl" .t ,,1. (classic"l 
ac technique) [137]. 

TABLE 571. Density studies: NaCl·UC!. 

Investigations crjtically re·examined 

Ref. UCIs Temp. range Comment;; Mol 0/0 (T) 

135 1.6,8.7, 973-1273 
" 

24.7,53.8 
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TABLE 572. Na.G·UC.: Deneity (g cm-'; NC!CI-IiJC~.; 

T 

980 
990 

1000 
1010 
1020 
1030 

1040 
1050 
1060 
1070 
1080 
1U~U 

1100 
1110 

1120 
1130 
1140 
1150 
1160 
1170 

llSO 
1190 
1200 
1210 

1220 
1230 
1240 
12S0 
]260 

1270 I 

Mol percent UCi. 

53.8 i 8: 

3.642 2.732 2.110 
3.611 2.716 2.104, 

3.581 2.700 2.097 
3.550 2.684· 2.090 
3.520 

! 
2.668 2.083 

3,4,89 2.652 2.076 
3.458 2.636 2.069 
3.428 2.620 2.063 
3.397 2.604. 2.056 
3.367 2.588 2.049 
3.336 2.572 2.042 
3.306 2.557 2.035 
3.275 2.541 2.029 
3.244- 2.525 2.022 
3.214 2.509 2.015 
3.183 2.493 2.008 
3.153 2.477 2.001 
3.122 2.461 1.994 
3.091 2.445 1.988 
3.061 2.'~29 1.981 

3.030 2.413 1.974 
3.000 2.398 1.967 
2.969 2.382 1.960 
2.939 2.366 1.9,,3 

2.908 2.350 1.947 
2.877 2.334 1.940 
2.84·7 2.338 1.933 
7.816 2.302 1.926 

2.786 2.286 1.919 
2.755 2.270 1.922 

Temperature·dependent equations 

p=a+ bT 

Mol '70 UCi, a 

1.6 2.207:; 

8.7 2.7796 
2t.'.7 4.2900 
53.8 6.G390 

1.6 

1.653 
1.648 
1.642 

1.636 

I 1.631 
1.625 
1.619 
1,614 

1.608 
1.602 
1.597 
1.591 
1.585 
1.580 
1.574. 

; 1.568 
1.563 
1.557 
1.552 
1.5q·tj 

1.540 
1.535 
1.529 
1.::;23 

1.518 
1.512 
1.506 
1.501 
1.495 
1.489 

b·103 

-0.5655 
-0 ()R?fl 

-1.5903 
-3.0582 

These values are based on the work of Mochinaga et a1. (pye· 
nometric method) [135]. 

800 J 
NoCI-UCI4 

U 
0 

600 

e 
=> -~ 
Q' 400 c. 
E 
C!.> 
I-

200 
0 

NaCi 
20 40 60 

Mol % UCI4 

80 100 
UCI4 

FIGURE 206. Temperature-composition phase diagram for NaG· 
UC],. 

C. J. Barton. R. J. Scheil, A. B. Wilkenson, and W. R. 
Grimes, Oak Ridge National Laboratory, Phase Dia
grams of Nuciear Reactor Materials, H. F. Thoma, 
ed., ORNL-2584, p. 134 (1959). 

Melt Preparation and Purification. 

The preparation of pure UCi~ by Kuroda and 
Suzuki [52J is discussed under the KCj-UCI~ system. 

Bogacz and 2iolek [I58J prepared and purified their 
salts using the procedure described under the sysiem 
CsC!·UCI.1• 

TABLE 573. Eiectrieal conductance studies: NaC]·UC]. 

Investigations critically re·examined 

158 32.20-lO0 

Cell material: quartz V·tube; 
Pt electrodes; freq. range: 
1000 Hz; cc.libration: IN KCl 
soh.:tion 

753-1001 Cell ma!eriai: quartz V·tube; 
Pt electrodes; ireq. range: 

15000-10,000 Hz, measurements 
at 10,000 Hz; calibration: KC1 

DeviD.t)ons from p:ccyious NSRDS recommendations: [1, p. 9} 

Comment: Bogucz and Zioick [158] report thei,' conductance 
l"esu~ts in. the £Gn:~ CI ~,:qU&.tiOl!S of the ty~)e: !~ == a -+ bt ~ ct'2 'ivith 
stancc.:rd dcviaiioTI£ 11; thE :::ar::ge 2.C X lO-~ onm- 1 Ct.:.1- 1 (80.9~, 

92.69, c..f;<1100 mol jt. :JCL~ ~~t 15.0 >< lG-~ onnl- 1 CIT!-i (3:Z.:~ and 
71.15 ~:ol 'IS UC~.~). Tl-:.G c"\'enJl ei.TOr iT:' the COEducthi--::y ~-!1eE.SUrc· 

~:1ei.!·L~ "',~"as l"cpor~c:ci t,: :;(~ >::S5 thc::r_ 0.5%. 
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T 100.00 96.59 

760 
\ 

I 
770 
780 
790 
800 
810 

820 
830 

840 i 

850 I 

860 
! 870 0.445 
: 

880 0.436 0.460 
890 0.451 

I 

0.474 
900 0.465 0.488 
910 0.479 

I 

0.502 
920 0.492 0.515 
930 0.505 ; 0.527 
940 0.518 I : 

QSO 0530 
960 0.542 
970 0.554 
980 0.565 
990 0.576 

1000 0.587 

Mol % DCl, 

32.20 
44.28 
51.24 
61.15 
71.15 
80.92 
88.13 
92.69 
96.59 

100.00 

JANZ ET At. 

TABLE 574. :-IaCl·UCL: Specific conductance !ohm- 1 cm- 1) 

92.69 

0.462 
0.478 
0.492 
0.507 
0.521 
0.534 
0.547 

I 

a 

-3.0620 
-2.7660 
-2.9084 
-2.9391 
-7.3136 
-2.2063 
-2.4598 
-2.5711 
-2.6969 
-2.2782 

Mol percent lJCl, 

88.13 80.92 71.15 

\ 

0.534 U.:"9H 

0.551 0.625 
0.491 0.567 0.649 
0.507 0.583 0.672 
0.52S 0.599 0.094-

0.538 0.614 0.713 
0.553 0.629 0.731 

0.568 0.644 0.747 
0.5e2 0.658 0.762 

0.671 
0.685 

Temperature·dependent equations 

,,= a + bT + CT2 

b· 10° 

8.2751 
7.2590 
7.3512 
6.9930 

16.3608 
4.9065 i 

5.2991 
5.5043 
5.7034 
4.6911 

I 
6US 

0.676 
0.6911 

0.718 
0.738 
U:ib~ 

0.777 
0.795 
0.812 
0.829 

0.846 
0.862 
0.877 
0.891 
0.905 

c· 10" 

-3.8036 
-3.2435 
-3.2816 
-3.0590 
-8.2267 
-1.9335 
-2.1502 
-2.2988 
-2.4051 
-1.8260 

i 

I 
( 

These values are based on the work of Bogacz and ZlOlek (cJa5sIcal ac technique) [158). 

Ref. 

15~ 

TABLF. 575. Density st1:dies: ;-qaCI·t:Cl. 

critically re-examined 

UCl, Temp. range i 
Mol % (T) , Commer:ts 

3:!.:!\.l-JOD 779-949 

I 

Cell material: Pt ball and 
suspension wire inside quartz 

! tube 

Comment: Density data in reference [158) were reported in the 
form of linear temperature dependent equations with standard 
deviations in the range: 2.0 X 10- 4 g em -3 (32.20 mol % UCl.) to 

6.0 X 10-4 g cm-s (l00 mol % UCl,). The total error in density 
measurements was reported to be ~ 0.2%. 

J. Phys. Chern. Ref. Dold, Vol. 4, No.4, 1975 

51.24. 44.28 32.20 

1 

1.030 
1.055 
1.078 
1.102 

0.872 1.124 

0.893 1.145 
0.913 1.166 
U.\Ji:I::I UJ:t5 1.1!lb 

0.951 1.043 1.205 

0.969 1.061 1.224 
0.987 1.078 1.241 
1.003 1.094, 1.258 

1.019 LllO 1.275 
1.035 1.125 1.290 
l.05\) l.3()5 
1.064 1.319 

1.077 

:;tanri. dey. 

0.0015 
0.0006 
0.0003 
0.0012 
0.0015 
0.0002 

I 

0.0003 
0.0002 
0.0003 

\ O.()OO2 
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TABLE 576. NaO·DO.: Density, (g cm- S) 

Mol percent DCl. 

T 100 90 80 70 60 ! 50 40 47 

790 I 3.294 
800 3.403 3.283 3.138 
810 

I 
3.391 3.272 3.128 3.079 

i 
820 j 3.378 3.260 3.117 3.069 I 
830 3.461 3.365 3.248 3.106 3.058 
840 3.447 3.351 3.235 3.095 2.926 3.048 
850 3.512 3.432 3.337 3.222 3.083 2.916 3.036 
S60 3.497 3 • .:H7 3.32:1 3.209 3.072 2.906 3.025 

870 3.550 3.481 3.4:02 3.308 3.195 3.059 2.895 3.013 
880 3.534 3.465 3.386 3.293 3.181 3.047 2.884 3.001 
890 3.517 3.448 3.370 3.278 3.167 3.034- 2.873 2.988 
900 3.S()() 1\.4.~1 1\.1\!i1\ 3.262 3.1fi2 :W20 2.861 2.975 
910 3.482 3.414 3.337 3.246 3.137 3.006 2.894 2.962 
920 3.465 3.319 3.229 3.122 
93(} 3.446 3.212 

I 940 3.428 , 

TABLE 577. NaC]·DCI,: Density (g cm- S ) 

Mol percent DCI. 

T 100.00 96.59 92.96 88.13 80.92 51.15 51.24. 44.28 32.20 

780 3.181 
790 3.322 3.169 
800 3.308 3.157 
810 3.293 3.144 
820 3.279 3.132 
830 I 3.465 3.265 3.120 3.012 
840 3.451 3.251 3.108 3.001 
tJbU 3.493 3.436 3.236 3.096 2.991 
860 3.516 3.479 3.421 3.222 3.084 2.981 
870 3.558 3.527 3.500 3.465 3.406 3.208 3.071 2.971 
880 3.539 3.510 3.485 3.4:50 3.391 3.194 3.059 2.961 2.732 
890 3.519 3.494 3.469 3.436 3.377 3.179 3.047 2.950 2.724 
900 3.500 3.478 3.453 3.421 3.362 3.165 3.035 2.940 i 2.716 
910 3.480 3.462 3.438 3.407 3.347 3.151 3.023 2.930 2.708 
920 3.461 3.446 3.422 3.332 3.136 3.011 I i 
930 3.441 3.430 

i 940 3.422 
I 

Temperature·dependent equatJons 
p ::::::a+ bT 

Mol % DCl. a b • 104 I Stand. dey. 

32.20 3.4098 -7.707 
44.28 3.8614 -10.237 I 

0.0002 
0.0003 

51.21. 4.1291 -12.157 0.0003 
61.15 4.4491 -14.268 0.0004 
80.92 4.6915 -14.773 0.0006 
88.13 4.7175 -14.402 0.0006 
92.96 4.8592 -15.620 0.0003 
96.59 4.9313 -16.147 0.0004 

100.00 5.2508 -19.455 0.0006 

These values are based on the work of Bogacz and Ziolek (Archimedean method) [153J. 

J. Phys. Chem. Ref, Data, Vol. 4, No.4, 1975 
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FIGURE 107. Temperature·composition 'phase diagram for NaC!. 
2nC! •. 

N. N. Evseeva and A. G. Bergman, Izv. Sekt. Fiz.·Khim. 
Anal., Ins!. Obshch. Neorg. Khim., Akad. Nauk S.S.S.R., 
21,208 (1952). 

Melt Preparation and Purification 

Weeks [108] and Bloom and Weeks [197,198,199] 
used .l:UJ.H. (AR) NaCl without further purification 
except for vacuum drying at 400 °C for three hours. Their 
purification of ZnCb is described under the system CsCI· 
7.nCI2 • Following experimental measurements, the zinc 

chloride·alkali chloride mixtures were analyzed for Zn + + 

and Cl- and the amount of alkali chloride was obtained 
by difference. Weight titrations were performed according 
to the method of Vogel (A.I. Vogel, "Quantitative Inor· 
ganic Analysis," 3rd Ed., Longmans, Green and Co., 
London, 1966). 

Kochergin et al. [129J used "chemically pure" grade 
NaCl and ZnCh which were recrystallized twice from water 
and heated at 500°C. Zinc chloride was fused and dehy. 
drated with HCI gas. Conductance and density measure· 
ments were also made on melts which were treated with 
metallic zinc. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

TABLE 578. Electrical conductance studies: N aCI-ZnCI. 

Investigations critically rc·examined 

Ref. 2nCl, Temp. range i Coniments Mol '70 (T) 

108, 37.4-100 532-883 Cell material: silica glass; Pt 
197' electrodes; freq. range: 500-

50,000 Hz; oalibration: 0.1 

and 1.0 demal KCl solutions 
(25°Cl 

129" 72.9 (g) 533-873 Cell material: silica gJass; Pt 
electrodes; freq. range: 1000-
6000 Hz; calibration: fused 
KNO. and KCI 

Deviations from previous NSRDS recommendations: [1. p. 101 

Ref. 
zna, 

Min. departure Max. departure Mol % 

108 100 -3.0'70 (830 K) -53.0% (627 K) 

• A brief discussion of the frequency dependence of conductance 
in references [108, 197] is 10 be found under the system KCl-ZnCl,. 
Overall accuracy in the recommended values were reported to be 
0.5'70 and 0.3% for pure zinc chloride and for mixtures respectively. 
Weeks [108] reported experimental specific conductivities and 
Bloom and Weeks [197] list results using Adam-Gibbs equations, 
A = A exp· (-BIT In (TITo»). 

bKochergin el al. [129J showed that differences of 15 to 20% 
Vit"" [vuud ill the experimental conductivity values depending upon 
whether the melts were previously treated with metallic zinc. Re. 
suIts suggested that hydrogen in the melt was removed by the 
zinc metal treatment resulting in a sharp decrease in electrical 
conductiyity. 
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TABLE 579. NaCl·ZnCl,: conductance (ohm-I ern-I) 

.i'l'101 percent Zne]. 

T 100.00 97.36 89.94 84.17 79.16 69.65 
I 

61.88 47.50 37.40 

5W 0.1897 
560 0.1687 0.2408 
580 0.02940 0.06393 0.09719 0.2176 0.2962 
600 0.001863 0.008684 0.04079 0.08659 0.1312 0.2(,92 0.3553 
620 0.003460 0.01286 0.05600 0.1131 0.1686 0.3231 004175 0.5551 
640 0.006394 0.01991 0.07490 0.1433 0.2091 0.;,)791 0.4821 0.6478 
660 0.01098 0.02991 0.09735 0.1769 O.2S22 o 4.~liq 0.5485 0.7374 
680 0.01753 0.04296 0.1232 0.2137 0.2979 0.4961 0.6161 0.8239 
700 0.02635 0.05912 0.1524 0.2535 0.:3456 0.5567 0.6842 0.9073 0.9851 
720 0.03776 0.07848 0.1848 0.2962 0.3953 0.6182 0.7523 0.9876 1.073 
740 0.05208 0.1011 0.2202 0.3414 0.4465 0.6804- 0.8196 1.OnS l.1SR 
760 0.06961 0.1271 0.2585 0.3889 0.4990 0.7431 0.8856 1.139 1.240 
780 0.09067 0.1566 0.2996 OA386 ; 0.8059 1.210 1.318 
800 0.1156 0.1896 0.3433 0.4902 0.8686 1.278 1.394 
820 0.1446 0.2262 0.3896 0.5436 0.9309 1.343 1.466 
840 0.1781 0.2664 0.4383 0.5984 0.9926 1.40'1 1.536 
860 0.3105 0.4893 0.6545 

I 
1.053 i 1.463 1.602 

880 I 1.113 1.519 I 

K = i:z + bT + CT2 + dT3 

Mol % ZnCI. a b· 10& C· 10" d' 109 Stand. error of e~t. 

37.40 -4.0530 9.9178 -3.8804 0 0.3:-1% 
47.bO -,Ul540 9.5115 -3.8709 0 0.61% 
61.88 2.7513 -15.7520 27.4785 -13.134·6 0.460/0 
69.65 0.9535 -6.9520 ! B.07H -5.6426 0.2.3% 
79.16 1.8818 -9.8304 ; 

15.1987 -6.1291 0.44%' 
134-.17 i2.0.~25 -9.iI9:;8 i n.!lH4U -4.4-754 0.41% 
89.94 1.9342 I -7.9397 i 9.5769 -2.6725 0.3;1% 

I 

J 

97.:~6 0.81694 -2.22235 : 0.44201 1.69466 2.12% 
100.00 -0.97574 5.55~41 -10.95067 6.51758 1.30% 

These values are based Oll the work of Bloom and Weeks (classical ac technique) [108, 197]. 

Ref. ZnCl. Comments Mol 0/0 
108, 35-100 i 557-880 Cell material: silica pyc· 
199" nometer; calibration: water 

129 72.9 (g) 583-873 Cell material: Pt sphere and 
Pt suspension wire 

165 50 673-873 

193 10-100 873,973 

194 0-100 (g) 873 

Deviations fromprcvious NSRDS recommendations: [1, p. 10] 

Ref. I 
Zneh Min. departure Max. dpparture Mol '}'u 

108, -0.08% (683 K) 0.40% (6ooK) 
199 100 
193 100 -0.21 % (873 K) 

Density measurements in references [108, 199] were corrected 
for thermal expansion of the silica glass and the total correction 
was 0.05-0.1%. The overali accuracy was reported to be between 
0.05% and 0.1%. Weeks [108J reported experimental density 
values while Bloom and Weeks [199] gave results in the form of 
linear temperature dependent equations with standard deviations in 
the range: 0.30 X 10-8 g cm-3 (44.7 mol % ZnCI.) to l.75 X 10- 3 

g cm- 8 (93.8 mol % ZnCI,). 

j. Phys. Chern. Ref. Dcia, Vo!. 4, No.4, 1975 
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T 100.00 97.39 95.40 I 93.79 

560 I 

570 
580 
590 2.525 2.518 2.513 2.503 
600 2.520 2.512 2.507 2.498 
610 2.515 2.507 2.502 2.492 
620 2.509 2.501 2.496 2.486 
630 2.504 2.496 2.491 2.480 
640 2.499 2.490 2.485 2.475 
650 2.493 2.485 2.180 2.469 
660 2.488 2.479 2.474 2.463 
670 2.483 2.474 2.468 2.457 
680 2.478 2.468 2.463 2.452 
690 2.472 

~ 
2.%3 2.457 2.446 

700 2.467 2.458 2.452 2.440 
710 2.462 2.452 2.446 2.434 
720 2.456 2.447 2.441 2.429 
730 2.451 2.441 2.435 2.423 
740 2.446 2.436 2.430 2.417 
7£;0 2.441 2.430 2.424 2.<Hl 

760 2.435 2.425 2.419 2.406 
770 2.430 2.419 2.413 
780 2.425 2.414 2.408 
790 2.419 2.102 
800 2.414 2.397 
810 2.409 2.391 
820 2.403 2.386 
830 2.398 2.380 
840 2.374· 
850 2.369 :' 

860 
I 

2.363 
I 870 

880 I 
'I 

Mol % ZnClz 

35.00 
44.70 
53.40 
59.30 
60.40 

I 

70.20 
75.60 
80.80 
87.50 
90.30 
93.79 
95.40 
97.39 

100.00 

JANZ ET AL. 

TABLE 58l. NaCl·ZnCI,: 

Mol percent ZnCl. 

90.30 87.50 80.80 75.60 , 70.20 

2.431 
2.440 2.425 

2.493 2.434 2.418 
2.487 2.'174 2.451 2.428 2.412 
2.481 2.469 2.445 2.422 2.405 
2.476 2.463 2.439 2.416 2.398 
2.470 2.457 ' 2.433 2.409 2.392 
2.465 2.452 2.427 2.403 2.385 
2.459 2.446 2.421 2.397 2.378 
2.454 2.440 2.415 2.391 2.372 
2.448 2.434 2.408 2.384 2.365 
2.443 2.429 2.402 2.378 2.359 
2.437 2.423 2.396 2.372 2.352 
2.431 2-.417 2.390 2.366 2 .. 345 
2.426 2.411 2.384 2.360 2.339 
2.420 2.406 2.378 2.353 2.332 
2.415 2.400 2.372 2.3,47 2.325 
2.409 2.394 2.341 2.319 
2.'104 2.589 2.525 2.312 

2.398, 2.383 2.328 2.306 
2.393 2.377 2.322 2.299 
2.387 2.292 
2.381 2.206 
2.376 2.279 
2.370 2.272 
2.365 2.266 
?!'I.;Q 2.259 
2.354 2.253 
2.348 2.246 
2.343 2.239 

I 

Temperature·dependent equations 
p =a+ bT 

a b' 104 

2.5626 -6.4660 
2.6269 -6.4288 
2.7U61l -6.5899 
2.7530 -6.6697 
2.7582 -6.7248 
2.8091 -6.6262 
2.8011 -6.2198 
2.8189 -6.1266 
2.8179 -5.7254 
2.8202 -5.5558 
2.8427 -5.7501 
2.8391 -5.5320 
2.8425 -5.5535 
2.8375 -5.29'26 

The." values are based on the work of Bloom and Weeks lpycnometnc method) [108, 199]. 
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60.40 59.30 53.40 ! 44.70 35.00 
, 

2.378 
2.375 2.372 2.331 
2.368 2.365 2.325 
2.361 2.358 2.318 
2.355 2.352 2.311 
2.348 2.345 2.305 
2.341 2.338 2.298 

i 2.335 2.331 2.292 l 

2.328 2.325 2.285 2.216 i 
1 

2.321 2.318 2.279 2.209 
2.314 2.311 2.272 2.203 
2.308 2.305 2.265 2.196 
2.301 2.298 2.259 2.190 
2.294 2.291 2.252 2.183 
2.288 2.285 2.246 2.177 
2.281 2.278 2.239 2.171 
2.274 2.271 2.232 2.164 
2.267 2.265 2.226 2.158 
2.261 2.258 2.219 2.151 2.084 
2.254 2.z:n Z.213 2.14;' 2.0n! 

2.247 2.244 2.206 2.138 2.071 
2.240 2.238 2.199 2.132 2.065 

2.231 2.193 2.126 2.058 
2.224- 2.10G 2.119 2.0:;2 

2.218 2.180 2.113 2.045 
2.211 2.173 2.106 2.039 
2.204 2.167 2.100 2.032 
2.198 2.160 2.093 2.026 

2.191 2.153 2.087 2.019 
2.184 2.147 2.081 
2.178 2.140 2.074. 
2.171 2.068 
2.164 

Stand. error 
of est. 

0.050/., 
0.02% 
0.08% 
0.09% 
0.08% 
0.10% 
0.05% 
0.03% 
0.Q4.% 
0.28% 
0.08% 
0.110/0 
0.070/0 
0.09% 



88.3 

T 't] 

578.3 298.3 
587.3 234.8 
59B.5 175.5 
608.7 135.6 
616.2 113.4 
629.5 86.5 
640.3 70.4 
651.2 57.4 
660.<;1 49.6 
611.'l! 41.1 
680.3 36.0 
689.6 31.0 
703.9 24.9 
710.8 21.05 
729.7 18.12 
751.7 14.23 
769.4 12.04 

I 

Mol % ZnCL 

44.3 
61.9 
69.6 
79.3 
88.3 

PROPERTIES OF CHLORIDES AND MIXTURES 

Ref. 

108, 
198" 

TABLE 582. Viscosity NaC].ZnCI2 

Investigations critically re·{~xamilled 

ZnCh 
Mol % 

44.3-88.3 

Temp. range 
(T) 

533-772 

Comments 

Cell material: Pyrex glass 
viscometer with Pt wire e1ec· 
trodes; calibration: 30-650/0 

flVl~r.omf?'tl':"r.;. references; 198J wer0 rcc.alibrated 
after each experiment with a reproducibility of 0.3%. The overall 
accuracy of the viscosity measurements was estimated to be 0.50/0. 

TABLE 583. 2'laCl·ZnCl.: Viscosity' (ep) 

Mol )1prr~nt 7.nrl. 

79.3 69.6 61.9 

T ! '1 T 't] T '11 

570.3 9.~.0 :;S?.R <loR 5 533.0 43.7 

578.7 77.0 563.8 39.5 544.7 34.& 
589.1' 61.2 571.5 34.7 553.6 29.35 
599.1 ! 51.2 586.8 26.7 564.1 24.56 
609.4 42.4 597.1' 22.81 573.1 21.38 
62})1 34.8 606.4 20.04 585.1 17.82 
629.7 30.3 620.3 16.57 595.5 15.50 
645.1 24.11 

, 
630.8 14.53 606.4 13.55 

655.2 20.94 641.1 12.83 617.1 11.9-~ 

665.4 18.28 653.4 11.20 627.9 ]0.62 
675.3 16.22 665.0 9.95 637.7 9.55 
684.S 14.50 675.8 8.91 648.9 8.52 
694.9 12.90 694.5 7.50 (j60.7 7.64 
703.41 11.77 705.0 6.85 671.1 6.98 
714.7 10.49 715.0 6.32 682.1 6.35 
727.U 9.29 726.1 5.79 694.9 5.73 
736.3 8.49 737.6 5.35 704.4 5.31 
745.7 7.80 747.6 5.03 718.2 4.80 
755.3 7;17. 756.9 4.71 731.9 4.39 
768.4 6.4(J 769.2 4.36 745.0 4.02 

756.8 3.75 
772.3 3.44 

Temperature·dependent equations> 
'I1=A ~xp[BITln (T/T,,)] 

A·lO· B' 10-' To 

0.5275 0.1336 273.0 
0.4164 0.1822 255.5 
0.2962 0_2S1<) 226.1 

0.3051 0.2544 261.1.2 
0.3128 0.2776 287.3 

1141 

: 44.3 

T '11 

6:>1.6 
I 6.41 

641.8 6.03 
651.7 5.58 
(i(,;\.2; ~.13 

675.1 4.70 
685.5 4.39 
696.4 4.12 
709.9 3.78 
723.1 3.51 
7.15.4 3.29 
744.7 3.14 
757.7 2.9-4 
770.9 2.86 

Standard 
deviation 

2.14, 
6.57 
7.16 
2.09 
8.29 

'Sin~e statistical analysis of the data to pOlynomial and exponenl:al equations yiehlt·d !,,,,,r fit", only tllp experimental valu('" are rrportcd. 
In addition. a fit of the data by the authors to the equation '1 = A exp <B/T In IT IT,,)) is included. 

The"e values are based on the work of Bloom and Weeks (capillary method) [108, 198]. 
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NaCI·ZrCI4 
900r--;-------r--~--~--~--~_,--~--~ 

NoGI- ZrCI4 

~ 700 

o 20 40 60 80 100 
NoGI ZrCl 4 

Mol % ZrCI4 

FIGURE 108. Temperature-composition phase diagram for NaO
ZrCI,. 

R. E. Thoma, Oak Ridge National Laboratory, ORNL-
2548, p. 129 (1959). 

Melt Preparation and Purification 

Howell and Kellogg [10] dehydrated reagent grade 
NaCI by evacuating the melt for two days at 400 °C and 
at a pressure of 0.2 microns. The ZrCl4 was hafnium free 
material (U.S. Bureau of Mines, Albany, Oregon) and 
was purified by treatment with hydrogen gas at 200°C 
(reduction of iron to nonvolatile ferrous form), followed 
by vacuum sublimation into glass ampoules which were 

then evacuated, sealed and stored. The purified ZrCI4 was 
introduced into the' "dipping electrode" conductivity cell, 
containing. the NaCI melt, by heating the ampoule until 
thermal expansion ruptured the thin glass. Spectrographic 
analysis of the purified ZrCl4 indicated the following 
impurities: 30 ppm AI, 2 ppm Bi, 10 ppm Cu, 15 ppm Fe, 
5 ppm Mn, 5 ppm p, 10 ppm Pb, 20 ppm Sn, and < 
1 ppm Mg. 

TABLE 584. Electrical conductance studies: NaCI-ZrCI, 

Investigations critically re-examined 

Rd. ZrCI. Temp. rane:e Comments Mol % (T) 

10 61.4,65.0, 594-646 . Cell material: Pyrex cell ; 
66.0 W electrodes; {req. range:· 

4950-20,000 Hz; calibration: 
O.lM KCl solution 

54 0-31.9 723--1123 Cell material: Pyrex and 
quartz cells; Pt electrodes; 
variable freq. range; calibra-
tion: IN KCI solution 

Deviations from previous NSRDS recommendations: fl, p. 4] 

Ref. 7.rC~l, Min. departure Max. departure Mol 0/0 
54 0 -3.5% (1123 K) -3.9% (1073 K) 

Comment: Howell and Kellogg [10] stated that the absolute 
accuracy of their conductivity values may be in error by as much as 
±10% due to the frequency extrapolation used. 

Due to the volatility and strong tendency for ZrCL to dissociate, 
Belozerskii and Freidina [54] minimized the experimental time for 
their conductance measurements. 

TABLE 585. NaCl·ZrCl,: Specific conductance (ohm- 1 em- 1 ) 

Mol n .. rIC .. n! 7.rrl. 

T 31.9 31.7 20.2 19.9 18.5 14.5 7.7 3.3 3.1 0 

723.2 0.80 1.06 1.08 
823.2 0.95 
873.2 1.12 
923.2 1.08 
973.2 1.16 

1023.2 1.26 
1073.2 1.45 1.48 1.74 2.41 2.88 2.68 3.34 
1098.2 1.83 2.83 3.08 3.42 
1123.2 1.97 3.01 3.34 3.36 3.60 

These values are based on the work of Belozerskli and Freidina (classical ac technique) [54]. Due to limited data, the experimental values 
are given. 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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PbCb·RbC! 

PbCI 2- RbCI 

800 

~ 600 

'" 2 
f: 
'" "-
E 400 
~ 

200 

0 20 40 60 80 100 
PbCI 2 

RbCI 
Mol % RbCI 

Fu."uru .. 109. TL'UJpen.llu,re-cumpuI:iJLiun phase diagram for PbCb,. 

RIlC!. 

T. Liebiscb and E. Korreng, Sitzb. Preuss. Akad. Wiss., 
192-212 (1914·). 

Melt Preparation and Purification 

Bloom et a1. [l03] and Bloom and Macky [49J used 
Koch.Light RbCI without further purification; the prepara-

tion of, pure PbCb is discussed under the CsCI-PbC12 

system. 
Dahl and Duke [238J used RbCI, obtained from A.D. 

MacKay Inc., without further purification except for dry
ing. "Baker Analyzed" reagent PbCl2 was fused at tem
peratures slightly above the melting point, crushed and 
stored in a drying oven at no DC. 

TABLE 586. Electrical conductance studies: PbCb·RbCl 

Investigations critically re·examined 

Ref. RbCl Temp. range I Commcntc 
Mol 'fo (1') 

49 0-90 723-1123 Calibration: silica cell; Pt 
electrodes; freq. range: 1000 
Hz; calibration: 1M KCI 
solution at 25°C 

Deyiations from previous NSRDS recommendations: [1, p. 13] 

Ref. RIlCI Min. departure Max. departure 
M?l % 

49 0 -0.41 % (873 K) -0.70% (923 K) 

Comment: Bloom and Maeky [49] estimated the accuracy of their 
conductance measurements on molten mixtures to be ±0.5%. 

TABLE 587. PbCI.·RbCI: Specific conductance (ohm- 1 em-l) 

Mol percent RhCl 

T 90.0 75.0 66.7 50.0 33.3 15.0 0.0 

740 0.603 0.745 0.925 1.135 
760 0.668 0.815 0.994 1.227 
7BO 0.808 0.732 0.883 1.062 1.316 
800 0.859 0.795 0.949 1.128 1.402 
820 0.909 0.857 1.014 1.193 1.486 
840 0.960 0.918 1.076 1.256 1.567 1.780 
860 1.011 0.979 1.137 1.318 1.646 1.865 
880 1.061 1.038 1.195 1.378 1.722 1.950 
YOU 1.112 1.097 1.252 1.436 1.796 2.033 
920 1.164 1.155 1.307 1.493 1.867 2.115 
940 1.244 1.215 1.212 1.360 1.549 1.936 2.196 
960 1.303 1.266 1.268 1.411 1.602 2.002 2.276 
980 1.302 1.318 1..324 1.40U 1.055 2.065 2.354 

1000 1.421 1.370 1.378 1.507 1.705 2.126 2.432 
1020 1.480 1.422 1.432 1.552 1.754 2.184 2.508 
1040 1.540 1.474 1.484 1.596 1.802 2.240 2.583 
1060 1.599 1.526 1.536 1.637 1.848 2.293 2.658 
lOBO 

I 

1.658 1.578 1.588 1.677 1.892 2.344-
llOO 1.717 1.631 1.638 1.714 1.935 2.392 
1120 1.776 I 1.683 1.687 1.75C 1.976 2.437 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 
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Mol % RbCl 

0.0 
15.0 

33.3 
50.0 
66.7 
75.0 
90.0 

JANZ ET AL. 

TABLE 587. PbCl,·RbCl: Specific conductance (ohm-1 cm-1)-Continued 

a 

-2.8404 
_4.0~01 

-2.7502 
-3.1886 
-2.3894 
-1.0421 
-1.5387 

Temperature·dependent equations 
K = a + bT + cTZ 

b·l03 

6.6977 
9.n'l9 
6.4194 

: 7.0790 
4.8322 
2.2331 
2.9600 

c· 107 

-14.256 
-31.91l1 
-19.638 
-23.834 
-10.647 

1.7878 
0 

These values are based on the work of Bloom and Macky (classIcal ac technique) [49]. 

T 1oo.Q 

880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 2.240 
1010 2.231 
1020 2.223 

Ref. 

103 
142" 

TABLE 588. Density studies: PbCI,·RbCl 

Investigations critically re·examined 

RbCI Temp. range I Cell material ,i Calibration 
Mol % (T) 

0-100 873-1198 110% Rh·Pt sinker I Water 
0-100 873-1200 I 

Deviations from previous NSRDS recommendations: [I, pp. 6,13] 

Ref. RbCI Min. departure Max. departure 
Mol '10 

103 0 -0.040/0 ( 920 K) -0.02% ( 960 K) 
103 100 0.10% (JOOO K) 0.41'700200K) 

'Data from reference [103J. 
CumJllents: A brief discussion of the correctlons applied by BluUIIl 

et al. [103] in their density measurements is given under the 
NaCl·PbCl, system. Data were given in the form of linear tempera· 
ture dependent equations with standard deviations in the range of 
0.7 X 10-3 g cm- 3 (lOO mol % RbCI) to 2.0 X 10-3 g cm-s 

(0 mol % RbCl). 

TABLE 589. PbCl.·RbCl: 

Mol percent RbCl 

85.Z 69.7 61.4 41.4 

3.094 3.264 3.725 
3.082 3.253 3.712 
3.071 3.241 3.700 
3.059 3.229 3.687 
3.048 3.218 3.674 
3.036 3.206 3.661 
3.025 3.195 3.649 
3.013 3.183 3.636 
3.002 3.172 3.623 
2.990 3.160 3.611 

2.622 2.979 3.149 3.598 
2.613 2.967 3.137 3.585 
2.604 2.956 3.125 3.573 
2.595 2.944 3.114 3.560 
2.586 2.933 3.102 3.547 
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Stand. error 
of est. 

0.32% 
O.29o/n 

0.12% 
0.290/0 
0.23% 
0.11% 
0.64% 

21.{) O.U 

4.227 
4.213 
4.199 
4.185 
4.171 4.730 
4.157 4.715 
4.143 4.701 
4.130 4.686 
4.116 4.671 
4.102 4.656 
4.088 4.642 
4.074 4.627 
4.060 4.612 
4.046 4.597 
4.032 4.582 
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TABLE 589. PhC]'·RbCl: Density (g em-S)-Continued 

Mol percent RbCl 

T 100.0 85.2 69.7 61.4 41.4 21.6 0.0 

1030 2.214 2.577 2.921 3.091 3.534 4.018 4.568 
1040 2.206 2.568 2.910 3.079 3.522 4.004 4.553 
1050 2.197 2.559 2.898 3.068 3.509 3.990 4.538 
1060 2.189 2.550 2.887 3.056 3.496 3.977 4.523 
1070 2.180 2.541 2.875 3.045 3.484 3.963 
1080 2.172 2.532 
1090 2.163 2.523 
lloo 2.155 2.514 

lllO 2.146 2.505 
1120 2.138 
1130 2.129 
1140 2.121 
1150 2.112 
1160 2.103 
1170 2.095 
1180 2.086 
1190 2.078 

Temperature·dependent equations 
p a + bT 

Mol % RbC! a b' 103 Stand. dev. 

0.0 6.0890 -1.477 0.002 
21.6 5.4510 -1.391 0.001 
414- 4J142<; -1.270 0.001 

61.4 4.2805 -1.155 0.001 
69.7 4.1049 -1.149 0'()01 
85.2 3.5064 -0.902 0.001 

100.0 3.0918 -0.852 0.0007 

These values are based on the work of Bloom et al. (Archimedean method) [103]. 

T r 72.50 

750 i 

; 
755 i 

760 
765 
770 
775 ; 

780 
785 
790 
795 

TABLE 590. Sur£ac,e tension studies: PbCI ... RbCI 

Investigations critically re·examined 

Ref. RbCl Temp. range Comments Mol % (T) 

238 0-72.50 745-861 Cell material: Pt·10%Rh 
capillary, melt contained in Pt 
crucible; calibration: diameter 
of capillary was measured whh 

microscope and checked with 
measurements on benzene as 
in 238 

254-
I 0--72.5 745-S61 Same as for 233 

Comment: Remarks concerning rcference [238J are given under 
the system LiCI·PbC),. Surface tension data for pure PbCl, [233] 
are recommended in NSRDS-NBS-28 [2]. 

TABLE 591. PbC)'.RbCl: Surface tcnsion (dyn cm- 1 ) 

Mol percent RbCI 

57.77 55.00 50.92 31.90 19.80 

111.8 110.9 1ll.9 115.8 123.5 
111.2 llO.6 1ll.4 115.3 123.0 
110.7 llO.2 111.0 114.8 122.5 
1l0.2 109.S lIO.5 114.3 121.9 
109.7 109.5 lIO.l 113.8 121.4, 
109.2 109.1 109.6 113.4 120.9 
10S.7 10S.7 109.1 112.9 120.4, 
108.2 10BA 108.7 

I 
112,4 119.9 

107.7 108.0 10S.2 111.9 119.4-
107.1 I 107.6 107.8 111.4 118.8 

3.96 (l.OO 

13Ll 
130.5 i. 134.9 
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T 72.50 

800 
805 
8]0 
815 
820 
825 
830 
835 
840 104.5 
845 104.1 
850 103.7 
855 103.3 
860 102.9 

Mol % RbCI 

0.00 
3.96 

19.tlU 

31.90 
50.92 
55.00 
r,7.77 

72.50 

JANZ ET AL. 

TABLE 591. PbCI,·RbCl: Surface tension (eyn cm,-I)-Continued 

57.77 

106.6 
106.1 
105.6 
105.1 
104.6 

Mol percent RbCI 

55.00 50.92 31.90 

107.3 107.3 1l0.9 
106.9 106.9 1l0.4 
106.5 ! ]06.4 109.9 
106.2 ]05.9 109.4 
105.8 105.5 108.9 
105.4 105.0 108.4 
105.1 104.6 107.9 
104 7 104.1 107.4 
104.3 103.7 106.9 
104.0 103.2 106.4 
103.6 

T emperature·dependent equations 
'Y = a + bT 

a b • 10~ 

233.6772 -12.4284 
224.1056 -1l.7755 
200.7342 -10.3011 
189.8578 -9.8722 
180.3699 -9.1331 
166.1787 -7.3647 
188.6019 -lU.2465 
174.1704 -8.2888 

19.80 

118.3 
117.S 
ll7.3 
116.8 
116.3 
115.8 
115.2 
111.7 
114.2 
113.7 

3.96 0.00 

]29.9 134.3 
]29.3 133.6 
]28.7 133.0 
128.1 132.4 
127.6 131.8 
127.0 131.1 
126.4 130.5 
125.B 129.9 , 
125.2 129.3 
124.6 128.7 
124.0 

Stand. error 
of est. 

0.490/0 
0.22% 
0.20% 
0.290/0 
0.33% 
0.87% 
0.160/0 
0.54% 

These values are based on the work of Dahl and Duke (maximum bubble pressure method) [238]. 

600 

<3 400 .\!... 

~ 
::l 

~ 
CD 600 c. 
E 
~ 

PbCh-TICI 

20 40 60 

Mol % TICI 

80 [00 
TlCI 

FIGURE 110. Temperature·composition phase diagram for PhCl,. 
TICL 

1) C. Sandonnini, Atti Accad ,Lincei., 22 II, 20 
(913) • 

2) L. 1. Pavorskii, Ann secteur and phys. chern. Inst. 
chim. Gen. (U.S.S.R.), 13, 281 (1940). 

3) I. I. I1'yasov and A. G. Bergman, Zhur. Neorg. 
Khim., II [12], 2771 (]957). 
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Melt Preparation and Purification 

Lantratov and Moiseeva [68] purified PbCb and TICI 
by heating the salts in a stream of dry HCI gas. The 
purified materials were kept in ground glass stoppered 
vessels and stored in a desiccator. Prior to experimental 
measurements the mixtures were subjected to a dry HCI 
gas stream for a period of % to 1 honr . 
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59? Electrical conductance studies: PbCl,·TICl _. 
Investigations critically •• J 

Rd. TICI Temp. range Comments 
Mol'Jo (Tl 

68 0-100 723-973 Cell material: quartz capillary 
cell; Pt electrodes; freq. 
range: 1000-3000 Hz; calibra· 
tion: molten KC], PbC], and 
KNO. 

Deviations from previous NSRDS recommendations' [] p 131 

Ref. TICI Min. departure Max. departure 
Mol 0/0 

68 ·100 -1.03'70 (723 K) -3.310/0 (873 Kl 
63 a -0.11170 (823 K) 0.69'10 (US K) 

T, 593. PbCI,·TICI Specific (ohm-; em 1) 

Mol TICI 

T 100 90 86.5 75 59 50 33.3 26 15 10 0 

730 1.182 1.063 1.026 0.973 1.001 1.041 1.105 1.070 1.116 
740 '.2Hi 1093 L057 1.005 1.031 1,070 1.135 1.100 1.1:;6 

750 1.250 1.123 1.0fl9 1.038 1.066 1.099 1.165 1.147 1.195 
760 1.283 1.153 1.120 1.070 1.097 1.128 1.195 1.184- 1.235 
770 1.317 1.183 1.151 1.102 1.129 1.157 1.226 1.222 1.273 
780 1.350 1.213 1.182 1.134 1.1(,0 UR7 1.956 1.259 1.312 1 Xli 1.193 

790 
I 

1.383 1.244 1.213 1.165 lJ91 1.2l(i 1.286 1.295 1.349 U170 1.543 

800 1.415 1.274 1.244 1.196 1.222 1.245 1.317 1.332 1.387 1.409 1.591 

810 1.443 1.305 1.274 1.227 1.253 1.274 1.347 1.368 1.424 1.448 1.639 
820 1.480 1.336 1.305 1.257 1.283 1.304 1.378 1.403 1.460 1.486 1.1;86 

830 1.512 1.367 1.335 1.287 1.313 1.333 1.409 1.439 I 1.497 1.523 1.733 
840 1.544 1.398 1.365 1.317 1.34.3 1.362 1.439 ].473 1.532 1..~60 1.779 
850 1.575 1.430 1.395 1.346 1.373 1.391 1.47() 1.508 1.567 1.597 1.824 
860 i 1.607 1.461 1.425 1.375 1.403 1.420 1.501 1.542 1.602 1.633 1.868 
870 i 1.6B8 1.4YJ 1.455 1.404 1.432 1.450 1.532 1.576 1.636 1.668 1.912 
880 i 1.669 1.525 1.484 1.433 1.461 1.479 1.563 1.609 1.670 1.703 1.955 
891) I 1.099 1.557 1.514 1.461 1.490 1.508 1.594 1.642 1.704 1.737 1.997 
900 I 1.730 1.589 1.543 1.489 1.518 1.537 1.625 1.675 1.737 1.771 2.038 
910 1.760 1.621 1.372 1.516 l.M6 l.bot 1.057 l.707 1.769 1.804 2.079 
920 1.790 1.654 1.601 1.543 1.575 

i 
1.596 1.688 1.739 1.801 1.8.36 2.119 

930 1.820 1.687 1.630 1..'570 1.602 1.625 1.7J9 1.770 1.8.33 1.868 
940 1.849 1.719 1.658 1.597 1.630 1.65<1. 1.751 1.801 1.864 1.900 
950 1.878 1.752 1.687 1.623 1.657 1.683 1.782 1.8:)2 i 1.895 1.931 
960 I 1.908 1.786 1.715 1.649 1.685 1.713 1.814 1.863 1.925 1.961 

I 
970 

! 
1.936 1.819 1.743 1.674 1.712 1.742 1.845 1.893 1.955 1.991 

Temperature·dependent equations 
K aT bT + r c -

Mol % TICl 
I 

a b. 103 C· 10° Stand. error 
of est. 

0 -4.5690 ]0.5707 I -~.5880 0.320/", 
10 -3.4521 8.2686 -2.7397 0.130/0 
15 -3.0120 7.2773 -2.2233 0.26% 
26 -2.7443 6.5768 -1.8521 0.53'70 
33.3 -0.9097 2.5147 0.,3356 0.29% 
5U -1.0927 2.922.3 ~ 0 0.870/0 
59 -1.9746 4.9175 -1.l519 0.25'70 
75 -2.2859 5.6224 -1.5873 0.25'10 
86.5 -1.6734 4.2302 -0.7296 0.06'70 
90 -0.6681 1.7886 0.7994 0.50'10 

100 -1.9020 5.0391 -1.1154 0.550/0 

These values are based on the work of Lanlratov and Moiseeva (classical ac technique) [68]. 

J.Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 594. Density studies: PbCI,·TICI 

Investigations critically re·examined 

Ref.. I TICl Temp. range Comments 
Mol 0/0 (T) 

195 0-100 673-873 Cell material: quartz float 
(weighted with W), Pt 
suspension wire; calibration: 

water 

Deviations from previous NSRDS recommendations: [1, pp. 12, 13] 

Ref. 
TlCI Min. departure Max. departure 

Mol 0/0 
195 100 0.00% (780 K) -0.12% (720 K) 

195 0 0.050/0 (870 K) 0.10% (780 K) 

TABLE 595. PbC]'·TICI: 

Mol % PbCI, 

T 100 90 80 I 70 60 50 40 30 20 10 
I 

0 57.1 i 
690 5.223 5.264 
700 5.511 5.120 5.337 1>.266 ::;.207 5.248 
710 5.498 5.404 5.321 5.250 5.191 5.143 5.232 
720 5.587 5.482 5.388 5.305 5.234 5.175 5.127 5.090 5.216 
730 5.571 5.466 5.372 5.289 5.218 5.159 5.110 5.074 5.200 
740 5.555 !l.4S0 <;.%h 5.273 5.202 5.H3 6.094 5.0::;0 5.184 
750 5.539 5.434 5.340 5.257 5.186 5.126 5.078 5.042 5.016 5.168 
760 5.523 5.418 5.324 5.241 5.170 5.110 5.062 5.026 5.000 4.986 5.152 
770 5.507 5.402 5.308 5.225 5.154 5.094 5.046 5.009 4.984 4.970 
780 5.491 4.993 4.968 4.954 
790 4.952 4.938 4.936 
800 4.936 4.922 4.920 
810 4.906 4.904 
820 4.890 4.888 
830 4.872 ; 

840 4.855 
850 

i 
4.839 

860 4.823 
810 4.807 

Two·dimensional equation and statistical parameters 

a + bT + cC + dC2 

These "alues are based o~ the work of Markov ct a1. (Archimedean method) [195]. C = mol % PbCI,. 

J. Phys, Chem, Ref. DClto, Vol. 4, No.4, 1975 
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TABLE 596. PbCl,-T1Cl: Density'(g em-S) 

Mol % TICl 

T 100 
i 

90 80 70 60 50 40 30 20 I 10 0 

680 : 5.238 
690 5.222 
700 6.519 5.419 5.332 6.273 5.206 
710 5.503 5.402 5.315 5.257 5.190 5.142 
720 5.486 5.386 5.299 5.241 5.174 5.126 5.()9() 
730 5.574 5.469 5.369 5.282 5.224 5.158 5.ll0 5.075 
740 S 5S7 5.453 5.352 5.266 5.208 5.142 

j 
5.094- 5.059 

750 5.540 5.436 5.336 5.249 5.192 5.126 5.078 5.043 5.018 
760 5.523 5.419 5.319 5.233 5.176 5.110 5.062 5.027 5.003 4.983 
770 5.506 5.402 5.302 5.216 5.159 5.094· , 5.046 5.012 4.987 4.967 
780 5,490 

, 
4QQ/i 4Q71 4 OS? 

790 4.956 4.937 4.932 
800 I 4.940 4.921 4.917 
810 4.906 4.902 
820 4.891 4.886 
830 4.871 
840 4.856 
850 4.840 
860 4.825 
870 I I 4.810 

Temperature-dependent cquations 
p = a + bT 

Mol % TICI a b· JO' 

0 6.143 -1.532 
10 6.153 -1.539 
20 6.193 -1.566 
30 0.220 -1.577 
40 6.278 -1.600 
50 6.333 -1.609 
60 6.414 -1.630 
70 6.487 -1.650 

80 6.585 -1.666 
90 6.691 -1.674 

100 6.802 -1.682 

These values arc based'on the work of Markov ct al. (Archimcdcan method) [195]. 

PbCh-ZnCh 

PbCI
Z
- ZnCI

Z 

600 

400 

Melt Preparation and Purification 

The chloride salts used in reference [19] were obtained 
from commercial sources of high purity and were dehy
drated by melting in the presence of dry He] gas. 

After weighing and introducing the salts into the meas
uring cell, the molten mixture was treated with Hel gas 
101' one hour. 

Q. 

E 
CD 
I-

200 

0 20 40 60 80 100 
PbCI2 ZnCI2 

Mol % ZnCI 2 

FIGURE ll1. Temperature·compMition phase diagram for PbCI,· 
ZnC],. 

C. Herrmann. Z. Anorg. Chem., 71. 257. 302 (1911). 

J. Phys. Chem. Ref. Pata, Vol. 4, No .. 4, 1975 
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Ref. 

19 

TABLE 597. studies: PbC],·ZnCJ, 

Investigations critically re·examined 

ZnCb Temp. range 
Mol % (T) 

Comments 

0,50.2, 
100 

759-825 Cell material: tungsten· 
, weighted pyrex bulh; calibra· 

tion: water 

Deviations from previous NSRDS recommendations: [1, pp. 10, 13] 

Rel. ZnCh Min. departure M"". departure Mol 0/0 
19 100 -0.450/0 (770 K) -0.53 % (824 K) 
19 0 -0.10% (809Kl -0.24% (818 K) 

Cvuuueul; IHhld"u"J am! WildJl"! [19] JH"~'UJ"J Jell.ilk. by 
weighing a tungsten.weighted pyrex bulb in air, in water and in the 
fused salt, correcting for the expansion of the bulb. 

TABLE 598. PbCI.·ZnCI,: Density (g cm-3 ) 

Mol % ZnC], 

']' 100 50.2 0 

760 2.430 
765 2.428 
770 2.426 
775 2.423 
780 2.421 4.936 
785 2.419 3.732 4.928 
790 2.416 3.729 4.919 
795 2.414 3.725 4.911 
800 2.112 3.722 4.902 
805 2.409 3.718 4.894 
8]0 2.407 3.715 4.886 
815 2,405 3.711 4.877 
820 2.402 3.708 
825 3.704 

Temperature·d",pendont equations 
p::;::: a + bT 

900 

U 
~ 800 

Q) ... 
:::l - 700 Cl ... 
Q) 
D-
E 600 
~ 

500 

0 
RbCI 

RbCI·ScCb 

RbCI-ScCI 3 

20 40 60 

Mol % ScCl 3 

80 100 
ScCls 

FIG11RE 112. Temperature·composition phase diagram for RbCl· 
ScCl,. 

N. Ya. Fedorov, and E. S. Petrov, Izv. Sib. Otd. Akad. 
Nauk. S.S.S.R .. Ser. Khim. Nauk .• 1. 57 (1967). 

Melt Preparation and Purification 

The preparation of pure ScCla by Fedorov and Petrov 
[71] is discussed under the system LiCI·ScCIg. No infor. 
mation was reported for the alkaJj metal chloride salts. 

TABLE 599. Electrical studks: RbC]·ScCb 

Investigations critically re·examined 

Ref. SeC I, Temp. range Comments 
~1ol 70 (1') 

71 0-69.9 (g) 913-1233 Cell material, .e"led quartz 

vessels; :Mo wire electrodes; 
calibration: IN KCl solution 

Comment: Remarks concerning the experimental procedure of 
Fedorov and Petrov [71] are gIven under the LICl·ScCIa system. 

TABLE 600. RhCl·ScCk Specific conductance (ohm -1 em -1) 

1\101%ScC], 913K 933K 953K 973K 993K 1113 K lI33 K 1153K 

0 1.49 1.51 I 1.56 1.60 
10 0.96 1.01 1.05 1.11 1.16 
40 OM 0.48 0.53 0.58 0.62 0.68 0.71 
50 0.38 0041 

I 
0046 0.50 0.54 0.59 0.62 0.65 

60 ! 0.400 0.::;3 I O.:;(j O.GO 

Mol % SeC]' 1173K 1193K 1213K 1233 K 1253 K J273K 
! 1293K 1313 K : 1333 K 

0 1.64 1.68 i 1.72 1.76 1.80 1.84 1.89 1.92 1.96 
10 1.20 ! 1.26 

! 
1.31 1.34 1.40 1,45 1.48 1.52 1.55 i i 

20 I 1.03 ! 1.09 1.14 1.19 1.24 1.28 1.33 1.38 
30 0.88 1).93 0.97 1.03 LOB 1.12 1.15 1.20 
40 0.78 0.82 0.86 0.88 0.92 0.94 , 0.98 1.00 1.04 
50 0.70 0.72 0.75 0.82 0.86 0.89 0.92 0.95 0.97 
60 0.65 0.68 0.72 0.77 0.80 

I 
0.83 0.86 0.89 0.92 

70 0.60 
i 

0.65 0.68 0.71 0.75 0.79 0.83 0.86 

These values have been interpolated to a maximum of three sIgmficant figures from the graphical presentation of Fedorov and Petrov 
(classical ae technique) [71]. 
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·1300 
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~ 
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0 
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RbCI-SrCIz 

RbCI- SrCI 2 

I 

'" 
",I 
-I 

~ 121 

'" '.I> I 
I (1.11 

U ..!..I 
.0 01 
0:: .01 

0:: 1 
1 
I 

20 40 60 

Mole % SrCI2 

80 100 
. SrCI 2 

FlctlRF. 113. T"lI1l)("raIUr~-{'ompo"ition phase diagram for RbC]
SrCL 

E. P. Dcrgurov Dnd A. C. Bergman, Doklady Akad. 
N~ttk. S.S.s.R, 75, 815 (950). 

S. D. Gromnkol', Zhm. Fiz. Khim., 24, 641 (1950). 

Melt Preparation and Purification 

In their viscosity measurements, Bertozzi and Soldani 
[244J used carefully dried Merck and B. D. H. salts of 
analytical purity ,dthout further purification. 

T "DLE 601. Surfuce ten,ion .'udic.: RbC! SrCt 

Investigations erit:ca]]y re·examined 

'The surface tension data reported in reference [244] was stated 
to be reproducible to within 0.5%. 

TABLE 602. RbCI-SrCI.: SurfHce tl'nsion 

Mol % SrC]' 

o 
10 
20 
30 
40 
50 

Il23K 

86 
90 
94 
99 

i04 
109 

)101 % S .. CIz 1123 K 

60 116 
70 123 
80 131 
90 146 

100 172 

significant figures from the graphical presentation of Bertozzi and Soldani (Wi:helmy ~lide plate 
method) [244J. 

<3 
!<... 

~ 
.2 
2 
(J) 
a. 
E 
(J) 

f-

800 

7:7 

700 

600 

o 
~bCI 

RbCI-TiCh 

RbCI.,. TiCI3 

800 
794 

\ 

\ / 
1/ 

\ 671 

612 
TiCI3·3RbCI 

20 40 60 

Mol 

FIGlinE ]]4. Tcmperaturc-compo~ition plln~e diagram for RhCl
TieL:. 

n. F. Markov and H. V. Chernov, Ukrain. Khim. Zhur., 
25, 282 (1959). 

Ref. 

59 

TABLE 603. Elp.clrinol conductance "ludic,: RhCI-TiCL 

re-examined 

Comments 

Cell material: quartz vessel; Pt 
electrodes; fref[. range: 1400 
Hz 

J. fhys. Chern. Ref. Dote, Vol. 4, No.4,. 1975 
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TABLE 604. RbCI-TiCln: Specific conductance (ohm- 1 em-I) 

lIIol % TiCl, 1073 K M~l % TiCI, 1073K 

0 1.68 30 0.99 
5 1.52 35 0.95 

10 1.37 40 0.93 
15 " 1.25 45 0.91 
20 1.16 50 0.91 
25 ~ 1.08 

These values have been interpolated to three significant fie:ure" from the graphirol prr~~Tltot;on of Chcrnov and Delimarckii (c!""icaI "c tech. 
nique) [59}. 

700 

U 6 0 0 o .......... 

400 

722 

RbCI-UCI4 . 

676 
RbCI UCI4 

590 

448 

418 

o 20 40 60 80 
RbCI 

100 
UCJ4 

FIGURE 115. Temperature·composition phase diagram for RbCI. 
UCl •. 

A. Bogacz and B. Ziolek, Rocz. Chern., 44, 664 (1970). 

J. Pbys. Chern. Ref. Data, Vol. 4, No.4, 1975 

Melt Preparation and Purification 

Roe:l"" :mA 7,,,1,,k [158] prepared and purified their 

salts using the procedure described under the system 
CsCI-UCI;. 

TABLE 605. Electrical conductance studies: RbCI-UCI, 
, 

critically fe·examined 

Ref. UCI. Temp. range Comments ~ol '70 (Tl 

158 0-100 690-1040 Cell material: quartz U·tube; 
Pt electrodes; freq. range: 
5000-10,000 Hz; measurements 
at 10,000 Hz; calibration: KCl 
solutions and molten KNO" 

i NaKOo and KCl 

DeVIalJons from prevIous NSRDS recommendations: [1, pp. 6, 9] 

Ref. 

158 
158 

UCI. 
Mol '70 

100 

° 

Min. departure Max. departure 

1.2% (870 K) I 
-0.90% (1010 K) 

-4.4% (890 K) 
-1.9'70 (1040 K) 

Comment: Bogacz and 2iolek [158] report their conductance re
sults in the form of equations of the type K a + bl + C!2 with 
standard deviations in the range 1.0 X 10- 4 ohm- 1 cm- 1 (24.99, 
28.81, and 56.54 mol % UCI.) to 12.0 X 10- 4 ohm -1 cm- 1 (0.0 
mol % UCI.). 



T 100.0 9E.17 92.31 88.29 82.74 71.24 64·.82 ... 
700 
710 
720 
730 
740 
750 
760 
770 
780 ! 0.306 
790 
800 I 

0.324 
0.342 

810 0.302 0.359 
820 0.324 0.375 
830 0.346 0.375 0.391 0.109 
840 0 .. 367 0.390 0.406 0.422 
850 0.387 0.404 0.421 0.435 
860 0.404 D.406 0.117 0.435 0.447 
870 0.420 0.424 0.429 0.449 0.459 
880 0,436 0.'137 0.442 0.441 0.461 0.470 
890 0.451 0.453 O.4SI/· 0.459 0.4·52 0.474· 0.481 
900 0.465 0,471 0,475 0,463 0.486 0.492 
910 
920 
930 
940 

0.4.79 0.487 0.490 0.473 0.502 

0.492 I 0.502 0.504 0.511 
0.505 0.516 0.518 0.321 
0.518 0.528 0.531 0.529 

!-
950 

." 960 
:r 

970 '0 

0.530 0.540 I 0.543 0.537 

! 0.542 0.550 0.554 0.54·5 
0.554 O.SSO 0.565 0.553 

'" 980 
:r .. 990 
? 1000 

~ 1010 
0 1020 c 

~ 1030 
< 1040 
~ 

0.5605 0.0558 0.574 

I 
0.560 

0..576 0.0574-
I 

0.58.3 0.0566 
0.0587 0.0591 0.572 

! 

I 
0.57B 

I I I 
.;-
z 
!" 

-"" 
:0 
" <n 

TABLE 606. RhCI·UCI.: Specific conductance (ohrn- 1 ern-1) 

Mol percent UCI. 

50.831 39.50 \ 31.00 'I 59.68 56.54 12.2E ""t "''' . ! 0.24·7 
0.260 
0.273 . I 

0.285 
0.298 
0.310 
0.323 
0.335 
0.347 
0.359 
0.372 

0.387 0.384 
0.399 0.396 0.419 

OAll 0.108 0.431 
0.419 0.422 0.410 0.119 0.444· 
0.131 0.434 0.421 0.431 0.456 

0.443 0.445 0.433 0.443 0.468 

0.454 0.456 0.444 OAM 0.480 

0.465 0.467 0.455 0.466 0.491 0.574 

0.476 0.477 0.466 0.4-78 0.503 0.588 

0.486 0.487 0.477 0.489 0.515 0.60.3 

0.496 0.498 OAR8 0.500 0.526 0.617 

0.506 0.507 0.498 0.512 0.537 0.601 0.632 

0.516 0.317 0.509 0.523 0.549 0.614 0.646 

0.525 0.526 0.519 0.534 0.560 0.626 I 0.660 

0.534 0.535 0.530 0.0545 0.571 0.603 0.fj39 . 0.67.'1 

0.543 0.544- 0.540 0.556 0.0581 0.619 I ORil 
I 

0.687 

0.551 0.5053 0.0550 0.567 0.592 0.6.33 I O.t~3 0.701 

0.0559 0.562 0.0560 0.578 0.645 I O.CI5 0.714 

0.570 0.6056 0.f1l7 0.727 

0.66< I 0./9' 0.710 
0.753 

I I , 
I I I 

. .. 
20.24 16.54 12.35 

I 

i 

0.697 0.762 
0.712 0.779 
0.727 0.797 
0.743 0.814- 0.929 
0.7058 0.830 0.948 
0.773 0.847 0.967 
0.788 0.863 0.986 
0.802 0.880 L004 

0.817 0.896 1.021 

0.832 0.912 1.039 
0.846 
0.861 

I 

9.12 1.62 

I 
I 
I 

1.043 
l.064 
1.0B4 
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I 

I 0.00 ---
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f 
() 
::r 
", 

? 

~ 
1? 
P 
< 
~ 
.:>

Z 
? 
.:>-

:0 .... 
In 

Mol % UCl. 

0.00 
1.62 
9.12 

12.35 
16.54 
20.24 
24.99 
28.81 
3't.00 
39.50 
42.25 
50.83 
56.51 
59.68 
64.82 
71.24 
H2.74 
88.29 
92.31 
95.17 

100.00 

TARLE 61)). RhCI-llCJ" Spr:dfic conductance (ohm- 1 em-1)-Continued 

a 

-24.50114 
-1.4295 
-9.0148 
-2.9862 
-1.6281 
-1.0915 
-1.2782 
-1.2183 
-9.2SHI 
-1.0149 
-0.8108 
-0.9408 
-1.3525 
-1.6334 
-2.2234 
-2.8423 
-3.34M 
-4.1325 

0.7113 
-S.711il2 
-2.27H2 

rcmpcraturc-dependent equations 
K = a -I bT + c12 

b • 103 

-~,--

4R.6094 
3.3144-

18.1i954 
6.2779 
3.4505 
2.3464 
2.7344 
2.6790 

19.1235 
2.2497 
1.7483 
2.0641 
3.0712 
3.6799 
5.0093 
6.2403 
7.4574 
8.6757 

-2.2962 
12.2168 
4.6911 

~.'-

e·l0" 

-22.5987 
-0.4469 
-8.5614 
-2.2702 
-0.9266 
-0.4377 
-0.7159 
-0.7624 
-9.1772 
-0.6113 
-0.3379 
-O.5'l32 
-1.1409 
-1.4721 
-2.2138 
-2.8250 
-3.5832 
-3.9518 

2.2551 
-5.8535 
-1.8260 

These values arc based on the wor:< of Bogacz and Ziolck (classical ae technique) [158]. 

TABLE 607. Th:nsity studies: RbCl-UCL 

Investigations critically re-examined 

Rd. UCI. Temp. range 
CO'Ill~.~nts 

Mol % (T) 

158 0·100 690-1032 PI b~ll and suspension wire 
inside quartz tube 

-
Deyiations from previous NSRDS recommendations: (1, p. 6] 

Rd. UCI. Mill. uepHrture Max, departure 
Mol % 

158 0 -0.08% (1010 Kl -0.13% (l030 K) 
~ 

Coml1ent: Dens:ty data in reference [158] were Ieportcd in the 
form or linear temperature dependent equations with standard devi
ations in the range: 2.0 X 10- 4 g cm-3 (95.17 mol % UCI.) to 
10.0 X 10- 4 g em-3 (28.81 mol % UCl.). The total error in density 
mCl1Rurcmcnts waS reported to he === 0.2%. 

Stand. dev. 
.~~-

0.0012 
0.0002 
0.0005 
0.0002 
0.0002 
0.0003 
0.0001 
0.0001 
0.0003 
0.0002 
0.0002 
0.0002 
0.0001 
0.0002 
0.0004 
0.0009 
0.0004-
0.0004-
0.0003 
0.0002 
0.0002 

-

UI 
A 
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N 

m .... 
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T.~ULE 608. RbCI·tJCI.: Density (g cm- 3) 

Mol percent lICL 

T 100.00 i 95.17 64.82 I 59.68 56.54 50.83 405.25 ! 39.50 34.00 28.81 24.99 20.24 12.35 9.12 1.62 I 0.00 

700 3.229 
710 3.218 
720 3.207 I 

730 3.196 : 
740 3.18S 

I 

750 3.174 
! 760 3.164 

770 3.153 
780 3.142 
790 3.131 
800 , 3.120 
810 I 3.109 , 

820 3.098 3.013 
830 3.283 

, 

3.088 3.003 
840 3.270 3.HS 3.077 2.994, i I ~ 
850 3.257 3.159 3.137 3.066 3~985 
860 3.244 3.183 3.147 3.126 3.055 2.975 
870 3.558 3.231 ' .U7l 3.135 3.114 3.044 3.966 

i 
880 3.539 .3.218 3.158 3.123 3.103 3.033 2.956 2.749 
890 3.519 3.205 3.146 3.111 3.091 3.022 2.947 2.740 
900 3.500 3.472 3.193 3.134 30.99 3.080 3.011 2.938 2.732 
910 3.480 3.455 3.180 3.122 3.086 3.069 3.001 3.928 2.724 
920 3.461 3.438 3.167 3.110 3.074 3.057 2.990 2.919 2.715 
930 3.Hl 3A20 3.1,,4 .~.098 3.062 3.046 2.979 2.910 2.779 2.707 2.746 
940 3.422 3.403 3.141 3.085 3.050 3.0:i4 2.968 2.900 2.766 2.699 2.736 
950 3.128 I 3.073 3.038 3.023 2.891 2.825 2.754 2.690 2.726 
960 3.1 15 3.061 3.026 3.012 2.882 2.817 2.741 2.682 2.716 2.495 
970 3.102 3.049 3.014 3.000 2.872 2.808 2.728 2.674 2.707 2.483 
9llU 3.089 3.037 3.002 2,989 :':;.IY!:! ;'U16 2.666 2.697 2.471 
990 3.076 2.990 2.790 2.703 2.657 2.687 2.492 2.459 2.297 

1000 3.06.3 2.977 2.782 2.691 2.649 2.677 2.481 2.290 
10ID , 2.965 2.667 2.469 2.227 
]020 2.218 
1030 2.209 

Tt'mperature·dependenl equations 
p a+ bT 

]'1'101 % UCL a b· 104 Stand. dev. 

0.00 3.1751 -9.383 0.0004 
1.62 2.9855 -6.957 0.0004 
9.12 0.ti1U4 -12.24J 0.0004 

12.35 3.6541 -11.736 0.0006 
20.24 3.6618 -9.848 0.0007 
24.99 3.4798 -8.309 0.0007 
28.81 3.9520 -12.6]5 0.0010 
34.00 3.6548 -8.732 0.0006 
39.50 3.7796 -9.354 0.0005 
45.25 3.9899 -10.872 0.0008 
50.83 4.1070 -11.411 0.0004 
56.64 4.1880 -12.105 0.0005 
59.68 4.2313 -12.191 0.0005 
64.82 4.3583 -12.953 0.0007 
95.17 5.0111 17.430 0.0002 

J. I'hys. Chem. Ref. Data, Vel. 4, No.4, 1975 
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FIGURE 116. Temperature·compo€dtion phase diagram for RbCl. 
ZnCb 

F. B. Markov, 1. D. Panchenko and T. S. Kostrenko, 
L'kr. Khim. Zh., 22. 287 (1956) 
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Melt Preparation and Purification 

Purification of ZnCI~ [194J is discussed under the 
system CsCI·ZnCb RbCI was recrystallized from water. 

TABLE 609. Density studies: RbCI·ZnClo 

Investigations critically re·examined 

Ref. ZnCI, Temp. range Comments Mol % (T) 

194 0-100 660-1058 Cell material: quartz float 
w~j!lht"d with tungsten, Pt 

suspension wire; calibration: 
water 

10] 

Ref. Min. departure 

194 100 -0.02% (733Kj -0.16% (696K) 
194 0 



T 100 90 

660 2.536 
670 2.530 
680 2.523 
690 2.517 
700 2.473 2.510 
710 2.467 2.504 
720 2.462 2.497 
730 2.456 2.491 
740 2.451 2.484 
750 2.478 
i60 2.471 
770 2.465 
780 2.458 
790 2.452 
800 2.445 
810 

820 
i 830 

840 
13,,0 
860 
870 
880 
890 

900 
910 
92() 

930 
940 
950 
960 

]040 
1050 

Mol % ZnCh 

0 
20 
29.86 
40.11 
50.18 
59.7 
69.8 
79.8 
90 

100 

PROPERTIES OF CHLORIDES AND MIXTURES 

79.8 

2.509 
2.502 
2.495 
2.488 
2.481 
2.474 
2.467 
2.4QO 
2.453 
2.446 
2.439 

a 

[2.97471 
5.2367 
3.0865 
3.0348 
3.1167 
3.0167 
3.0671 
2.9991 
2.%72 
2.8484 

TABLE 610. RbCl·ZnC12: Density (g em-3 ) 

I 

I 
I 

::1101 percent ZnC12 

69.8 59.7 50.18 

2.506 
2.498 
2.490 
2.482 
2.474 
2.466 2.451 
2.458 2.443 
2.45U 2.41:10 
2.442 2.428 
2.434 ; 2.421 
2.425 ; 2.413 

i 

2.404 

2.395 
2.386 
2.377 
2.369 
2.360 
2.351 

I 
2.342 

1 

Temperature.dependent equations 
p == a + bT + c1'2 

b· 10' 

(-7.3504) 
-56.0638 
-8.2603 
-7.7766 
-8.8024 
-7.5426 
-8.0205 
-7.0018 
-6.5272 
-5.3700 i 

40.11 

2.397 
2.389 
2.382 
2.374 
2.366 
2.358 
2.350 
2:\4:\ 

2.335 
2.327 
2.319 

c· lOG 

I) 

2.6522 
0 
0 
0 
0 
0 
0 
0 
0 

These values are hased on the work ot Markov and BoJkov (Archimedean method) [194]. 

SbCb·SbCls 

1157 

29.86 20 0 

2.376 2.377 
2.368 2.367 
2.360 2.357 
2.!I.~1 2:l4ll 
2.343 2.339 
2.335 2.331 
2.327 2.324 
2.318 2.317 
2.310 2.310 
2.302 2.304 
2.294. 

[2.210] 
£2.203J 

Stand. error 
of est. 

Q.()()% 

0.04% 
0.04% 
0.03% 
0.03% 
0.03% 
0.03% 
0.010/0 
0.04% 
0.02% 

Melt Preparation and Purification TABLE 611. Electrical conductance studies: SbC)'.SbC]' 

The antimony trichloride and pentachloride salts in 
reference [46J were prepared by passing dry chlorine gas 
through powdered antimony metal. Chlorine was removed 
from ShCl;, hy hoi] ing the liquid over metaIBc Sb and 

by fractional distillation. SbC!;; was vacuum distilled and 
sealed in ampoilles. The boiling points of SbCl3 and SI:ICl5 
were 2](j °C alld 6S.() °C, respectively. 

Ref. 

46 

Investigation~ criticRlly T<,.p".minp,j 

Shel. 
Mol % 
0-74·.23 

Temp. range 
(T) 

________ L-____________ ~ ____ _ 323-353 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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TABLE 612. SbC],·SbCl.: Specific conductance (ohm- 1 em-I) 

Mol percent She]. 

T 74.23 53.04 48.86 44.39 43.19 28.08 26.73 19.87 18.56 13.50 9.64 

325 6.95 6.83 7.60 1.27 1.73 2.76 3.03 3.39 3.46 3.58 3 . .52 
330 7.03 6.92 8.19 1.28 1.73 2.80 3.05 3.45 3.51 3.64 3.57 
335 7.23 7.02 8.69 1.29 1.73 2.83 3.06 3.49 3.55 3.69 3.61 
340 7.57 7.14 9.09 1.30 1.74 2.85 3.08 3.53 3.58 3.73 ! 3.64 
345 8.03 7.26 9.38 1.30 1.76 2.87 . 3.09 3.56 i 3.60 3.76 3.66 
350 8.61 

I 
7.40 9.57 1.30 1.78 2.88 3.10 3.58 i 3.60 3.77 

: 
3.68 

Temperature·dependent equations 
,,=a I bT I ,,']'2 

Mol % SbCI, a'10& b' 105 C· lOS 

0.00 [15.3256] [-9.2196) [14.0] 
3.66 4.8859 -2.8431 4.3318 
5.48 -3.2195 1.9824 -2.7992 
6.04 .1.0784 -1.6831 2.5475 
9.67 -1.8848 1.2682 -1.7848 

10.::.0 -:::.1\10\1 l.44bY -:l.U;!:lb 

18.56 -2.4419 1.6002 -2.2845 
19.87 -1.9386 1.2796 -1.7809 
26.73 -0.3649 0.3714 -0.5]07 
28.08 -1.030::; 0.7362 -1.0204 
43.19 1.5601 -0.8409 1.2742 
44.39 -0.4855 0.3538 -0.5082 
48.86 -2.5004 1.4556 -2.0396 
53.01 0 • .291,3 0.1192 0.2516 

7<1.23 0.2748 -0.1651 0.254.5 

These values are based on the work of Beketov e! al. (classical ae technique) [46]. 

Ref. 

46 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

TABLE 613. Density studies: ShCJa.SbCl, 

Investigations critically re·examined 

ShCI. 
Mol 0/0 

0-100 

Temp. range 
( 1') 

323-353 

6.04 5.48 3.66 0.00 

2.99 2.67 2.21 
2.98 2.74 2.21 
2.99 2.80 2.23 11.51] 
3.01 2.85 2.27 fl.63l 
3.04 2.88 2.33 [1.811 
3.08 2.90 2.42 [2.07] 

Stand. error 
of est. 

0.00% 
1.32% 
0.39% 
0.53% 
0.74% 
U. 17 ,/,0 
0.66% 
0.22% 
0.100/0 
0.1170 

0.64% 
0.01% 
1.39% 
0.22% 
2.09% 



... 

... 
:r 
~ 
n 
:r .. 
? 
::0 

~ 
5' 

T 100.00 

325 2.285 
330 2.276 
335 2.266 
340 2.257 
345 2.248 
350 2.238 

95.52 74.23 66.60 60.11 56.40 

2.307 2.411 2.M1 2.473 2.490 
2.295 2.400 2J31 2.463 2.480 
2.28't 2.389 2.HO 2.452 2.470 
2.272 2.378 2.409 2.441 2.160 
2.261 2.367 2.399 2.130 2.419 
2.250 2.356 2.388 2.420 i 2.439 

Mol % Shel. 

0.00 
5.48 
7.32 

IB.25 
19.20 
19.87 
21.78 
23.14 
26.73 
28.08 
34.35 
11.70 
14.39 
53.04 
5.3.50 
5.').25 
56.40 
m.ll 
(-6.60 
74,23 
95.52 

100.00 

TABLE 611. Shel.·She!.: Density (g em-3 ) 

Mol percent Shel. 

55.25 53.50 53.04 44.39 41.70 i 34.35 28.08 26.73 23.H. 21.78 

2.499 2.501 2.505 2.546 2.556 I 2.595 2.617 2.620 2.633 i 2.642 
2.489 2.490 2.494 2.536 2.545! 2.585 2.606 1.610 2.623 i 2.632 
2.479 2.479 1.484 2.525 2.534: 2.575 2.595 2.600 2.613 . 2.622 
2.469 2.468 2.473 2.514 2.524: 2.564 2.584 :.590 2.603 2.612 
2.459 2.457 I 2.462 2 . .'>04 2.513: 2.554 2.573 2.579 2.59~ 

' 2.449 I 2.446! 2.451 2.493! 2.502: 2.514 2.562 2.569 2.58~ --
Temperature-dependent equations 

p= a + bT 

a b'103 

3.4755 --2.2931 
3,4081 -2.1460 
3.3675 -2_0451 
3.3111 -2.0061 
3.2607 -1.8621 
3.3765 -2.2301 
3.2753 -1.9501 
3.2903 -2_0081 
3.2780 -2.0251 
3.3220 -2.1701 
3.2664 -2.0651 
3.2537 -2.1471 
3.2368 -2.1251 
3.2039 -2.1500 
3.2232 -2.2211 
3.1550 -2.0171 
3.1620 -2.0671 
3.1742 -2.1561 
3.1368 -2.1401 
3.1255 -2.2000 
3.04059 -2.2751 
2.8924 -1.8691 

1i These values are Lased on the work of Beketov et al. (pycnometrie method) [461-
< 
~ 
!" 
z 
!' 
!" 
~ .... 
'" 

-~ ... ~ ~-.. 

19.87 19.70 18.25 7.32 5.48 0.00 

2.652 2.~65 2.659 2.703 2.711 2.730 
2.641 2.(.46 2.649 2.693 2.700 2.719 
2.629 U,37 2.639 2.682 2.689 2.707 
2.618 2.(,28 I 2.629 2.672 2.678 2.696 
2.607 2.n81 2.619 2.662 I 2.668 1 2.684 
2.596 2.609 2.609 2.652 2.657 2.673 

Stand. error of est. 

0.030/0 
0.004% 
0.04% 
0.10% 
0.08% 
0.03% 
0.07% 
0.06% 
0.090/0 
0.060/0 
n.o8% 
0.03% 
0.07% 
0.08% 
0.03% 
0.02% 
0.10% 
0.03% 
0.07% 
0.11% 
0.16% 
0.09% 

"'0 
;:0 

o 
"'0 

'" ~ 
iTi 
VI 

o 
-n 

o 
X o 
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Ref. 

46 

T 100.00 95.52 74.23 

323.2 1.42 1049 1.87 
333.2 1.29 1.31 1.59 
11411.::: 1.16 1.16 lAO 
353.2 : 1.03 1.Q4 1.26 

T 34.35 28.08 26.73 

323.2 2.83 2.97 3.01 
333.2 2.33 

I 

2.43 2.46 
343.2 1.91 2.03 2.05 
353.2 1.65 1.72 1.75 

JANZ ET AL. 

TABLE 615. Viscosity studies: 5bCl.-5bCl, 

Investigations critically re-examined 

Sbe!. 
Mol 0/0 

0--100 

Temp. range 
(T) 

323-353 

TABLE 616. 5bCl,-5bCl,: Viscosity (cp) 

Mol percent SbCh 

66.60 60. II 56,4,0 55.25 53.50 

1.93 2.19 2.25 I 2.27 
1.67 1.78 1.84 1.88 1.90 
1045 1.54 1.59 1.62 1.63 
1.30 1.34 1.39 1.43 1.42 

23.14 21.78 19.87 19.20 18.25 

3.11 3.20 3.24 3.28 3.35 
2.52 2.63 2.63 2.68 2.69 
2.11 2.15 2.17 2.19 2.26 
1.77 

I 
1.84 1.85 1.92 

53.04 44.39 41.70 

2.31 2.51 

I 
2.58 

1.93 2.10 2.09 
1.65 1.79 1.79 
1.44 1.51 1.54 

, 12.23 7,32 5.45 0.00 

3.56 3.73 3.90 
2.82 2.98 3.06 3.18 
2.36 2.48 2.50 2.63 
2.01 2.05 2.12 2.16 

Due to lImited data, the expenmental values are gIven. These values are based on the work of Beketov (capillary method) [46J. 

Melt Preparation and Purification 

Toropov [48] states that the usual methods were used 
to purify the substances in his study but gives no experi
mental details. 

Ref. 

48 

Ref. 

48 

TABLE 617_ Density studies: SnCl.-TiCl. 

critically 

TiCI. 
Mol 0/0 

Temp. range 
(T) 

0-100 293, 313, 333 

Comparisons with N5RDS recommendations: [I, p. 13] 

TiCl. Min. departure Max. departure Mol 0/0 

0 -0.14% (333 K) -0.490/0 (293 K) 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 

TABLE 618. 5nCl..TiCl.: Density (g em-a) 

Mol percent TiCl. 

T 100 80 60 4Cl 20 0 

295 1.730 1.832 1.933 2.030 2.125 2.217 
300 1.721 1.823 1.923 2.019 2.113 2.205 
305 1.712 1.813 1.913 2.008 2.101 2.192 
310 1.703 1.8Cl4 1.902 1.997 2.090 2.180 
315 1.695 1.794 1.892 1.9!l6 2.07!l 2_1fi7 
320 1.686 1.785 1.882 1.975 2.066 2.155 
325 1.677 I 1.775 1.871 1.9M 2.054 2.142 
330 1.668 1.765 1.861 1.953 2.043 2.130 

Temperature-dependent cqudtlOn.:5 

p == a + bT 

TiCI. 
Mol % a b • l()3 Stand. error 

of est. 

0 2.9537 
20 2.8181 
40 2.6807 
60 2.5408 
!IV 2.:1973 

100 2.2496 

-2.4975 
-2.3500 
-2.2050 
-2.0600 
-1.9150 
-1.7625 

0.080/0 
0.10% 
0.120/0 
0.130/0 
0.140/0 
0.160/0 

These values are based on the work of Toropov (pycnometric 
method) [48]. 

Ref. 

TABLE 619. Viscosity studies: SnCl.-TiCl, 

Investigations critically re-examined 

TiCl. 
);lol % 
0-100 

Temp. range 
(T) 

293, 313, 333 

Comparison with previous NSRDS recommendations [1, p. 13] 

TiCI, 
Rd. I Mol % Min. departure Max. departure 

48 0 1.3% (313 K) 9.1% (293 K) 
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TABLE 620. SnCl.·TiCI.: Viscosity (cp) SnCb.ZnCb 
Mol percent TiCI. 325 

T I 100 80 60 40 I 20 0 315 

293.2 ! 0.827 0.847 0.870 0.895 I O~, 0.951 
313.2 I 0.702 0.702 0.703 0.705 0.709 0.715 
333.2 0.589 0.591 0.595 0.604 0.616 0.635 

300 

Due to limited data the experimental values are given. These 
values are based on the work of Toropov (capillary method) [48]. 

Ref. 

128 
128 

T 

540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
6!1.() 

650 
660 
670 
tiRO 
690 
700 
710 
720 
730 
740 
750 
760 

Investigations critically re·examined 

Comparisons with NSRDS recommendations: [1, p. 10] 

ZnCI. 
I Min. departure Max. departure Mol 0/0 

100 

I 
0.00/0 (680 K) -0.240/0(760 K) 

0 0.86% (600 K) 0.91% (560 K) 

U 275 
0 

QJ 
'-
~ 250 
0 
I... 
<D 
a. 
E 
QJ 225 I-

200 

175 
0 20 40 60 

Mol % SnCI 2 

80 100 
SnCI 2 

FIGUHE 117. Temperature·composition phase diagram for SnCl,· 
ZnCb. 

L. A. Nigel'son, B. N. Ivanov.Emin. and L. E. Lario. 
nova, Zh. Neorgan. Khim., 6 [1], 186 (1961); Russ. J. 
Inorg. Chem. <English Transl.), 74 (196]). 

TABLE 622. SnC].·ZnCl,: Density (g cm- 3 ) 

Mol percent ZnCl. 

100 
, 

90 80 70 60 50 I 40 30 20 
, 

10 0 30 

3.074 3.154 I 3.230 3.154 
2.984 3.065 3.144 : 3.219 3.292 3.361 3.144 

2.719 2.807 2.893 2.976 3.056 3.134 I 3.208 3.280 3.348 3.134 
2.622 2.713 2.801 2.886 2.968 3.047 3.124 3.197 3.268 3.335 3.124 
2.616 2.707 2.794 2.878 2.960 3.038 3.114 3.186 3.256 3.322 3.114 
2.611 2.701 2.787 2.871 2.951 3.029 3.103 3.175 3.243 3.309 3.103 
2.606 2.695 2.780 I 2.863 2.943 3.020 3.093 3.164 3.231 3.295 3.093 
2.600 2.689 2.774 ! 2.856 2.934 3.010 3.083 3.152 3.219 3.083 
2.595 2.683 2.767 2.848 2.926 3.001 3.073 3.073 

2.500 
2.~95 

2.490 
2.486 

I 
2.481 
?47fi 

2.471 
2.467 
2.462 
2.457 
2.453 
2.448 
2.443 
2.438 I 

I 

J. Phys. Chem. Ref. Data, Vol. 4, No.4, 1975 
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a b' 10' 

2.79673 -4.71427 

JANZ ET AL. 

TABLE 622. SnCI .. ZnCI,: Density (g cm- 3 )-C0r;ttinued 

Two·dimensional equation and statistical parameters 
p = a + bT + cC + dTC2 + eCrz 

. C' 102 d'lOS I e' 10" 

1.12048 -2.55020 

i 
-5.16503 

! 

These values are based on the work of Prikhod'ko (Archimedean method) [128]. C = mol % SnC!" 

TABLE 623. SnCk·ZnCI.: Density (g em-S) 

Mol percent ZnC], 

T 100 90 80 70 60 50 40 i 30 

Max. percent 
departure 

0.22% 
(617.2 K, 40 

mol % SnC],) 

20 

540 I 3.076 
3.147 I 3.231 ! 

550 2.985 
\ 

3.067 3.220 
560 
570 
580 
590 
600 
610 
620 
630 
640 

650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 

2.625 
2.619 
2.612 
2.606 
2.599 
2.593 

2.503 
2.495 

2.493 
2.488 
2.483 
2.478 
2.473 
2.468 
2.463 
2.458 
2.453 
2.448 
2.442 
2.437 

Compo 
(Mol % ZnCU 

o 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

2.720 
2.713 
2.706 
2.699 
2.692 

I 2.685 
2.678 
2.671 

2.808 
2.800 
2.793 
2.785 
2.778 
2.770 
2.763 
2.755 

2.889 2.977 3.058 
2.881 2.968 3.049 
2.873 2.960 3.040 
2.865 2.951 3.031 
2.857 2.943 3.021 
2.849 2.934 3.012 
2.842 2.926 3.003 

I 
Temperature·dependent equations 

p = a + bT 

a 

4.072 
3.983 
3.802 
3.697 
3.571 
3.455 
3.332 
3.226 

3.114 
2.997 
2.822 

These values are based on the work of Prikhod'ko (Archimedean method) [128]. 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

3.137 3.210 
3.127 

I 
3.199 

3.117 3.188 
3.107 3.178 
3.097 3.167 
3.087 3.157 

I 3.077 3.146 

1 

b'10' 

-13.00 
-12.55 
-10.58 
-10.00 
-9.16 
-8.54 
-7.91 
-7.47 

-7.03 
-6.52 
-5.06 

Stand. eTror 
of est. 

I 
0.11% 

10 0 

3.293 3.357 
3.280 3.344 
3.268 3.331 
3.255 3.318 
3.243 3.305 
3.230 3.292 
3.217 
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TICI-InCb 

500 
TICI-ZnCI

2 

Melt Preparation and Purification 

The purification method used by Markov et aI. [195] 
for ZnCb jg discussed under the system CsCl-ZnC12_ 

U TABLE 623. Density studies: TICI·ZnCI, 
o 430 ........ 
(l) 400 
\,.... 

::J 

(; ~3~3~4~~~ 
(j) 300 340 a.. 
E 
~ 

200 

o 
TICI 

213 

20 40 60 80 

Mol % ZnCI 2 

~12 

100 
ZnCI~ 

"" 

FleURE lill. Temperature·composition phase diagram for TICl
ZnC],. 

650 
660 
670 
680 
690 
700 
no 
720 
730 
74,3 
750 
760 
770 
,80 

L 1'. Palrura and A. P. Pal kin, Zh. Ncorgan. Khim .. 
4 lI2]. 2717 (19~7): RlI .. J Tn,.".!). Chem. (Engli.h 
Tram!.). 1258 (1959), 

2.776 3.043 3.286 :>.645 
2.488 2.768 3.035 3.217 3.634 
2.483 2.760 3.C27 3.268 5.623 
2.478 2,753 3.018 3.258 .1.613 
2,,473 1...7..].5 3.010 3.249 3.W2 
2A6il 2.7,'l7 3.002 3.240 3.591 
:<.4,{Jil 2.730 2.994, 3.231 3.580 
2..158 2.722 2.986 3.221 3.570 

2.978 
2.970 
2.96Z 
2.954 
2.946 

Ref. ZnCL, 
Mol % 

195 100 
195 0 

3.916 1.198 
3.93c1 4.186 
3.922 4,.171-
3,910 4.Hi2. 
3.il98 4.l~(', 

3.886 lj·.l3B 
3.87'), 4.126 
3.862 4.113 

'1.101 
4.089 
4·.077 
,·.065 
4.053 

Tcnlpcra.ture-dC'pcnd('n; equations 

p a+ bT 

10 
20 
30 
40 

50 
60 
72 
80 
90 

JOO 

6.334 
5.833 
5.405 
4.\180 
4.732 
4.344 
3.890 
3.569 

3.272 
2.822 

Min. departure Max. departure 

0.04% (660 K) -0.14% (720 K) 
0.00% (780 K) -0.12'10. (720 K) 

4.511 4.R6ri 
,1..497 4.852 
4.4fl.:J. 4,887 5.229 
4.4'10 4.fl22 :1.21.3 
4A57 4.808 5.196 
,1.143 4.793 S.180 
':'430 4.778 S.l6·1, 
U16 4.764 5.1-48 5.574 

5.557 
5.540 
5.523 

-16.25 
-14.65 
-13.55 
-12.12 
-12.09 
-10.75 
-9.28 
·_·8.10 

-:.03 
-0,.0(, 
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6.2. General Summary Tables TABLE 625. Total and recommended investigations-Continued 

TABLE 625. Total and recommended investigations Specific conductance 

Specific conductance 
System No. of invest. Literature references 

System No. of invest. Literature references 
KC].MnCb 72 
KC]·NaCI 17 5, 12, 21, 24, 37, 60, 65, 97, 102, 

AgCl-KCl 35 113, 114, 127, 160, 161, 192, 203, 
AgCl·PbCl: B 35, bO, 1.31 208 
AgCI·TICl 2 12, 131 KCI.NdCI. 2 186, 190 
AICI..KCl 6 27,42, ]02. 112, 115, 175 KCl·PbCl. 7 13, 25, 43, 116, 118, 142, 185 
AICIs·LiC] 3 42, 102, 112 KCI.PrCl. 1 190 
AlCIs·N"Cl (i Ill, 50, 51, 112, 115, 164 KCl·RbCl 1 93 
AICI..NH,C] 1 42 KC]·ScCl. 1 71 
A1CIs·RbCI 1 112 KCI·SnCl, 1 119 

BaC] ... CaCI~ 3 20. 74. 120 
KC]·TiCb 3 55,59,61 
KCI·UCb 2 157, 189 

BaCl,·CsCI 2 166.209 KC1·UC1, 2 52,153 
BaCl,.LaCI. 1 172 KCl·ZnC]' 3 38, 108, 197 
BaCI,..LiCI 155 
BaCI,·l\1gC]' 3 30, 151, 167 LaCI •. LiCI I 154 
BaCI,·NaC] 8 20,24,34,44,63,74, 151, 167 LaC]"NaCI 2 186,220 
BeCl,·NaC] 1 69 LaCI.·RbCl 186 
BiCl,·GaCb 1 64 LiCI·MgCI, I 77 

CaCI,·KCl 6 i 12,30, 109,94, 160, IiI 
LiCl·NaCl 2 11, 127 

CaCl2·LiCl 1 I 171 
LiC]·RbCl I 11 

CaCI,..MgCI, 2 109,30 
LiCI·ScCI. 73 

CaCI,·NaC] 15 12, 20, 21, 24, 34, 44, 63, 74, 109, 
LiCI·UCI, 179 

129. 139, 144, 146,171, 192 MgClo.N"C] 7 30, 109,113, IH, 117, 151, 167 
CaCI,.RbCI 1 171 NaCI·NhCls 54 CaCI,·SrCl, 1 5 NaCI·NdCI., 2 186, 190 
CdCI,·CsC] 1 132 
CdCI.-KC1 8 12. B, 14. 25. 116. 1.~2, 14.7. 160 

NaCl·PbCI. 4 24, 49, 63, 142 
NaCl·PrCl. 190 

CdCI2-LiCI 1 31 NaCI·RhC] 98 CdCI,·NaC] 2 25, 132 NaC]·ScC], 73 
CdCJ"·PhCl. 4 13, 25, 94, 117 NaCl·SrnCl. 190 Cd Ci,·TICI 3 12, 14, 70 NaC]·TI,CI, 1 81 CsCl·GaO. I 80 NaCl·TiCls 3 55,59,61 CsCl·KO 1 98 
CsCI·LaCI. 3 154, 186, 209 

NaCl·11Cl. 3 135, 137,190 

CsCI·LiCl 2 11,104 
NaC]·llCl. 2 52, 158 

CsCl·NaCI 98 
NaCJ·ZnCI, 3 108, 129, 197 

CsCI·PbC], 2 49,142 
NaC]·ZrQ. 2 10,54 

CsCI·RbCI 98 PbCl,·RbCI 2 49, 142 
CsCI·ScCI, 71 PbCI,..TICI 1 68 
CsCI.TiCl, 59 

RbCl·ScCk 1 71 CsCI·UCI. 1 158 
CsCl·ZnClc 2 108, 197 

RbCI·TiCl, 1 59 

CuCI·KCI 116 
RbCl·UCl. I 158 

DyCls·KCI 190 SbCls·SbCl. 46 

DyCI •. NaCI 190 Density 

ErCl,·KCI 190 System No. of inv~st. Literature references 

GaCls·HgCl, 1 148 AgCl.KCI 26 

GaCl,·KC] 2 80, 148 AgCI·PbCb 26 

GaCI,·LiCI 1 138 AICI,·BiCI:, 90 

GaCb·NaCl 2 138. 148 AICI,·KCI 6 27, 42, 92, 112, 134, 188 

GaCb·RbCl 1 80 AJCL·LiCl 2 42, lIZ 

GaCL·She]' 1 148 
AIC],,·NaC] 7 16,42, no, 112, 157, 188,317 

GdCl.·KCl 1 190 AIC]'·NH.C1 1 42 

GdC]"·NaCI 1 190 AIC]'·RbCl ll2 

HgCl2·Hg,C!' 1 121 BaCI,·CdCI, 2 26, 165 

HgCI,·NI-LCI 2 15, 123 BaCI,·CsCI 2 79, ]52 
BaCI,·LaC]' 172 

KC-LaCl, 2 186, 220 BaCl,·KCl 4 33, 89, 150, 152 
KCI·LiCl 13 23, 37, 47, 60, 65, M, 94, 102, BaC]'·LaCl, 1 168 

127, 159,183, 192, 216 BaC],·LiCl 2 126, l52 
KCl·MgCI, 12 30, 94, 96, 102, 109, 113, 114, BaC]'·MgC!, 3 30, 150, 167 

117, 14~ 153, 15~216 BaCI,·NaCi 6 22, 24. 34. 44. 89. 152 
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System 

BuC]"PbC], 
BaCb·ZnQ, 

CaC}'.CsC] 
CaCI,·KC] 
CaCI,·LiC] 
CaC],·MgCJ, 
CaCI,.MnC], 
CaCI,·NaC] 

CaCI,·RbC] 
CaCI,·SrC], 
CdCb·CsC] 
CdCb·KCI 
CdC],·Lie] 
CdCl.·NaCi 
CdCL·PbC], 
CdCI,.RbC] 
CdCL·TICl 
CdC],·ZnC], 
CeCI,·KCl 

CsCI·KCI 
CsCI.LaCh 
CsCI·LiCl 
C~Cl.MgCJ, 

CsC]·MnCI, 
CsCI·NaC] 
CsQ.PbCI, 
C.Cl.RbCl 

CsCI·UCI. 
(sCJ·ZnCL 
CuCl·KCI 

KCl·LaCl" 
KCl·LiC] 
KCI·:tvlgCl, 

KC1·M"C], 
KC]·NaCI 

KC·PbCI. 
KC] RbCI 
KC1.SrC1 2 

KC·UCl, 
KC]·DCL 
KC].ZnCI" 

LaCl,·LaC], 
LaCIa-LiQ 
LaCl,-NaCI 
LiCl-)IgCl, 
LiC]·;\inCl, 
LiCl·NaCl 
Li CJ.I'bCl~ 
UCI·Reel 
LiCPJCl, 
LiCl-ZnCl, 

MgCl,·NaCl 
:'I1gC],·RbCl 
NaC]·PbCl" 
:~aC]·RbC] 

~aCl-ThCJ, 

~~aCl·UCL 
::';aCj·UCi 
NaCl-ZnCL 

PROPERTIES OF CHLORIDES AND MIXTURES 1165 

T,oIal and recommended inl'e.etigations-Cor.tinued 

Density 

No. of invest. Literature references 

3 9, 26, 165 
165 

1 237 
8 12, 28, 94, 130, 133, 163, 171, 237 
I 171 
4, 30, 95, 130, 133 
1 262 

11 12, 17, 24, 34,44, 129, 130, 133, 
144, 163, 171 
171 
6 
103 

6 9, 26, 122, 165, 193, 206 
3 31, 165, 193 
3 26, J65, 193 
3 26,94,206 
1 ,103 

2 195,204 
93 

1 lOti 

1 98 
I 177 
2 11,75 
2 13Q, 133 

1 202 
I 98 
2 103,142 
1 98 
1 158 
4 91, 108, 194, 199 
1 18 

2 178, 220 
5 23,37, 100, 149,215 

12 30,39,62,102, 130, 133, 145, 
150, 153, 207, 211, 267 

1 7Z 
II 12, 24, 37, 78, 87, 89, 95, 143, 

211, 215, 267 
6 9.26, 142, 165, 193, 206 

90 
143 
189 
158 

9 28,38,78, 108, 165, 187, 193, 
194, 199 

III 
176 
220 

4 ii, 130, 133, 196 
1 202 
2 11, 196 
2 165, 193 
1 11 

179 
3 108, 194, 19~' 

30, l30, 133, 167,211, 267 
130, 133 
24. 103, 142, 165, 193 
98 
ZOO 
135 
15B 
lOa. :29, 165, 193, 194, 199 

TABU; 625. Total and recommended investigations-Continued 

System 

PhC1·RbCl 
PbC],·TlC] 
PbC],·ZnC]' 

RbC]·UCl, 
RbC]·ZnC], 

SbCJa.SbCl, 
SnCl.-TICl. 
SnCl,·ZnCh 

TICI·ZnCI, 

System 

AgCl.KC] 
AgCI.PbCl, 
AICL·NaC] 

BaC]'·CsCl 
BaCl •. LiCl 
BaC]'·lIgC]' 
BaC!,·NaCl 

CaCI,·NaC] 
CdClz·KCl 
CdCI,·NaC] 
CdCJ,.PbC]' 
CsCI·LaCla 
CoCl·LiC] 

KC]·U(1 

KC]·MgCl, 
KCI·NaCI 
KC]·PbCI, 
KCI·ShC1, 

LoCb·LaC!,. 
La C)"·LiCl 
LiCI·MgC12 

MgC]'·NaCI 

NaC]·ZnCl, 

SbCI,-SbC]' 
SnCl,·TiCl. 

SystCr:1 

AgCl·KC 
AgC·PbC]' 

BaC],·CaCI, 
BaC],.CsC: 

I 

BaCi,·KCi 

BaCL·L~CL 
BaC!,·LiC! 
BaClz·MgCL: 
DaCb·Noel 

B"Cb·RbCl 

CoCl:;~CsCl 

e"CI,·KG 
CaCI,·LiC! 
Ca(j,·i\l"CI" 
CaCL·-l'\<lCl 
CaCl:,-RbCI 

Density 

N( of ritorotllr, 

2 103, 142 
1 195 
1 19 

1 158 
1 194 

1 46 
1 43 
1 128 

I 195 

Viscosity 

NQ. of invest. Literature references 

2 35, 136 
1 35 
2 32,45 

1 174 
i 173 

1 151 
3 24,34,151 

3 24,34,144 
3 36, 180, 206 

1 36 
2 36,206 
2 173, 209 
1 32 

fl 23.86,88,100,149,187,215, 
216 

7 39,41,45. 66,207,216,226 
8 24, 29, 53, 66, 86, 100, 215, 226 
2 36.206 
1 40 

1 99 
1 173 
1 88 

3 41, 151, 226 

2 108, 198 

- 46 

Surface tens:on 

~o. of inYest. Literature references 

2 

234 
234 

229 
225.244 

I 232, 241. 24{~ 

16& 
251 
241. lSi 
2;3;), 2014, 250 

24,4 

2.37 
2,1" 2.;3. 2;'8. 22:, 
25H 
25:1. ~52. 22:·; 

2SS 
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TARLE 625. Total and recommended investigations-Continued 

Surface tension 

System :"lo. of invest. Literature references 

CdCI,·ICCI 2 234,255 
CdCb-NaCl 234 
CdCI,-PbCI, 234 
CsCI-LaCk 1 177 
CsCI-LiCI 1 252 
CsCI-MgC], 2 253,258 
CsCl-NaCl 243 
C"CI-Phr:l., 2 23&,251 
CsCl-SrCl, 1 244 

KCl·LaCl, 178 
KCI-LiCl 3 257,231,230 
KCl·MgCJ, 5 241, 245, 246, 253, 226 
KCI-NaCI 7 243,245,250,254,257, 11-3,226 
KCI-PbCI, 3 234, 238, 254 
KCl-SrCI, 2 143,244 
KCI-UCI, 1 212 
KCI·Znp, 2 187, 318 

LaCI,-LaC!. 248 
LiCI·MgC)' 2 253.258 
LiCI·NaCI 1 257 
LiCI-PbCl, 2 238,254 
LiCI·RbC] 1 256 
UCI·UC], 1 179 

MgCI,-NaCl 3 245, 246, 253 
l\IgCL-RbCl 2 253,258 

NaCJ·PbCI, 4 224, 238, 250. 254 
NAC1·RbCI 1 243 
NaCl·SrCb 1 244 

PbCl,·RhCl 2 238,254 

J. Phys. Chern. Ref. Dohl, Vol. 4, No.4, 1975 
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TABLE 626. Table of referen~es. Total number of illYestigations, recommended and literature references for specific conductance, density, 

System 

AgCJ.KCl 
AgCI.PbCI, 
AgCI·TICI 
AICJ,·BiCl. 
A1C],.KCJ 

AICl,.LiCl 
AICb·NaCI 
AICl,·NH,Cl 
AIC]'·RbCl 

BaCI,·CaCl, 
BaCI,.CdCI, 
BuCL·CsCl 
BaCl,·KCl 
BaCl,·LaC13 
BaCI,.LiC] 
BaCL·l\lgCI, 
BuCI,·NaCI 
BuCL·PbCI, 
BaCl,·RbCl 
BaC],.ZnClz 
BeCl,.NuCl 

BiCb·GuCl" 

CaC]'.CsC] 
(aC]"·KCl 
CaCL·LiCI 
CaCL·l\lgCI, 
CaC],·l\InC]' 
(aCl,·NaG 
CaCI,·RbCI 
CuCl,·SrCI, 
CdCl,·CsCI 
CdCl,.KC] 
CdCJ,·LiCI 
CdC],·NaCI 
CdCL·PbCI, 
CdCI,·RbCI 
CdCJ,·TICI 
CdCL·ZnCI, 
CeCI"·KC] 
CsCI.GaCI, 

, CsC]·KCl 
CsCI·LaCI. 
CsCHiCl 
CsCl.MgClo 
CsCI·MnCI. 
CsCI·NaCl 
CsC1·PbCl, 
CsCI·RbCI 
CoCl·SeC)" 

CsCI,STCl, 
CsCI·TiCrs 
CsCI·DCI, 
C.CI-ZnCl, 
CuCi-KCl 

DyCl,·KCI 
DyCL·NaCl 

I No. of 
Invest. 

I 
3 
2 

6 

3 
6 
1 
1 

3 

2 

1 
1 
3 
8 

, 

J 
I 

n 
1 
2 

18 
1 
1 
1 
8 
1 
2 
4 

3 

1 
1 
3 
2 

2 
1 

1 
1 
2 

'"' .••• ', V"V " 

" 

I 
Ree. 

I 
No. of 

Ref. Invest. 

i 35 ! I 
35 I 
12 

1 
42 

175 

112 2 
50 7 
42 1 

1 J2 1 

110 
2 

166 2 
4, 

172 1 
155 2 
30 3 
63 6 

3 

1 
bY 
64 

1 
109 R 
171 1 
109 4 

1 
146 11 
171 1 

5 1 
132 1 
25 6 
31 3 
25 3 
13 3 

1 
14 2 

1 
1 

80 
98 1 

154 1 
104 2 

2 
1 

98 
49 2 
98 I 
71 

59 
158 
109 4-
116 1 

190 
190 

. ...,~ ....... ~..... ~~- ... ,.. ~"",..~ ....... 

0 '1 'Y 

Rec. No. of Rec. No. of Rec. 
Ref. Invest. Ref. Invest. Ref. 

I 
26 2 35 I 234 
26 1 35 1 234 

90 

112 
no 2 32 
42 

112 , 

i I 229 
26 
79 I 

, 
174 .2 225 

33 3 232 
168 1 168 
126 1 173 I 251 
150 I 151 2 241 
34 3 34 3 233 
26 

1 ! 244 
165 

237 1 237 
l.~n 11 253 
171 1 258 
]30 3 253 
202 
130 3 34 4 229 
171 1 258 

6 
103 
26 3 36 2 234 
31 
26 I 36 1 234 
26 2 36 1 234 

103 
I 

195 ~ 
93 

106 

98 
177 2 173 1 177 
75 1 82 1 252 

130 2 253 
202 

98 I 243 
103 2 238 

98 

244 

158 
108 

18 
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TABLE 626. Table of references. Total number of investigations, recommended and liter'ature references for specific conductance, density, 
viscosity, and surface tension of molten chloride mixtures.--Continued 

System 

ErC]"·KCI 

GaCb-HgCl, 
GaCl,·KCl 
C:~('],.T .iCl 

GaC!,,-NaCl 
GaCh·RhCI 
GaC]"SbCb 
GdCl.·KC] 
GdCl.·NaCI 

Hg,C!:,·HgC]' 
HgCh·NH,Cl 

KCI-LaCb 
KCl·LiCI 
KCI·l\IgCb 
KCI-MnCJ. 
KCl·NaCl 
KCI-NdCb 
KC]-PbCI. 
KC]·PrC]. 
KCl·RbC! 
KC]·SbCb 
KCl·ScCl. 
KC!·SnC!, 
KCl-~rCh 

KC]·TICI. 
KCJ·UCla 
KCI·UC1, 
KC]·ZnCI, 

La CI,· La Clo 

LaCl,·LiCI 
LaCI.·NaC] 
LaCla·RbC] 
LiCJ.:\igCl, 
LiCI.MnCI, 
LiCI·NaCl 
LiCI-PbCI, 
LiCI·RbCI 
LiCI·SeCI. 
LiCI·UCL 
LiCI·Zne], 

MgC]'·NaCI 
IIIgC],·RLCI 

NaLl·NbC], 
NaC]·NdCl. 
NaC]·PhCI, 
:!IiaCI·PrC]" 
NaCI-RbCl 
NaCI·SeCI. 
NaCI·SmC1. 
NaCl·SrCI, 
NaCl.ThCl, 
NaCI.TiCb 
NaCl-UCl., 
NaCI.UCI, 
NaCI-ZnCl, 
NaCJ·ZrCI.. 

PbC],·RbCI 
PhC]'·TIC] 
PhC],.ZnCI, 

i 
i 

, 
, 

K 

No. of 
Invest. 

1 

1 
2 
1 
2 
1 
1 
] 

1 

1 
2 

2 
13 
12 
1 

17 
2 
7 
1 
1 

1 
1 

3 
2 
2 
3 

1 
2 
I 
1 

2 

1 
1 
] 

7 

1 
2 
4 i 
I ! 

1 j 
1 i 

1 

3 
3 
2 
;3 

2 

2 
1 

Ree. 
Ref. 

190 

148 
80 

lSB 

138 
80 

148 
1()() 

190 

121 
123 

186 
37, 

117 
72 
37 

190 
43 

190 
98 

71 
119 

55 
137 
158 
lOB 

154 
186 
]86 
77 

11 

11 
73 

179 

109 

54 
190 
49 

190 
98 
73 

190 

81 

55 
137 
158 
108 
54 

49 
68 
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, 

l 

P 'TJ 'Y 

No. of Rec. No.of Ree. No. of Rec. 
Invest. Ref. Invest. Ref. Invest. Ref. 

2 178 1 178 
5 37 8 149 3 231,230 

12 130 7 66 4 245 
1 72 

11 37 8 53 7 245 

6 26 2 36 3 238 

1 98 
1 40 

, 

1 143 2 143 

1 189 
1 158 I 212 
9 108 2 187 

1 111 1 99 1 248 
1 li6 1 173 
1 220 

I 

4 130 1 88 2 253 
1 202 
2 11 I 257 
2 193 2 238 
1 11 I 256 

I 1i9 1 179 
3 194 

6 130 3 151 5 245 
2 130 2 253 

5 103 4 224 

1 98 1 243 

244 
::!uu 

135 
158 

(j 108 2 198 

2 103 2 238 
I 195 
1 19 
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TABLE 626. Table vf re{erences. Tolal numher of investigations, recommenced· and literature references for ~pedfic conductance, density, 
viscosity, ar.d surface tension of moiten chloride mixtures.-Continued 

K P 7J "t 

System No. of Rec. No. of Rec. No. of Ree. 
I 

No. of 
I 

Ree. 
Invest. Ref. I Invest. Ref. Invest. Ref. I Invest. Rei. 

HbC]·ScSb ! 1 71 

RbCl·TlCi, 1 59 
RbCl·DCl. 1 158 
RbCJ.ZnCl, 1 194 

I SbCIo·SbCl. 1 46 1 46 1 4·6 
SnCl,:nCI. 1 48 I 48 
SnCI,·ZnCr. 1 195 

ThCIrZnCI, 1 195 

TABLE 627. Experimental techniques used and recommended refer· TABLE (,27. Experimental techniquc's used and recommended reier· 
ences for specific conductance, density, viscosity, and cn('ee for specific conductance, density, viscosity~ and 
surface tension of molten chloride mixtures surfa!'" lPn"ion of molten dlloride mixtures-Continued 

Specific conductance Specific conductance 

A: Classical aC technique System Technique Recommended reference 
B: Paper electrophoresis 

System i Technique Recommended reference 
DyC]"·KCI A 190 Forthmann and Schneider 
DyCI,.NaCl A 190 Forthmann and Schneider 

AgCl·KCl A 35 Harl'ap amI Heymann ErCb·KCI A 190 Forthmann and Schneider 
AgCl·PbC]' A 35 Harrap and Heymann 
AgCl·TICl A 12 Samlonnini GaCl.·HgC], A 14·8 Chretien and Couturier 

AICl.·KCl A 42 Yamaguti and Sisido GaC]'·KCI A 80 Arbekov and Petrov 

175 llo,ton ct ,,1. C"C),.LiCI A 138 Arhekov and Petrov 

AICl,·LiCI A 112 Moss Gad,·Nael A 138 Arbekov and Petrov 

AIC],·NaCI A 50 Sisido and Yamaguti GaCL·RIlCI A 80 Arbekov and Petrov 

AIC!;,·NH,CI A 42 Yamaguti und Sisido GaCL·SbC], A J4.8 Chretien and Couturier 
A ] ('],.RhCl A 112 Mo •• GdCL·KCI A 19{) Forthmnnn and Schn~itlpr 

GdCL·NaCl A 190 Forthmann and Schneider 
BaCI,·CaCI, A 120 Barzakovskii and Kochinashvili 
BaC]'·CsCl A 166 Smirnov and Khokhloy lIgCIAlg,Cl, A 121 Grantham 
BaCJ,·LaCI3 A 172 Smirnov and Khokhlov HgCL·NH,Cl A 123 Belyaev and Mironoy 
BaC],·LiCI A 155 Khokhlov and Smirnov 

KCl·LaCl, BaCI,·MgCI, A 30 Huber. Potter and Clair A 186 Forthmann, Vogel and Schneider 

BaC]'·NaCI A 63 Barzakovskii KCI·LiCI A 37 Van Artsdalen and Yaffe 

BeC}z·NaCI A 69 Delimarskii KCI·MgCI, A 117 Sakai and Hayashi 

BiCls·GaCls A 64 Couturier KCl·MnC]' A 72 Murgulescu and Zuca 
KCl·NaCl A 37 Van Artsdalcn and Yaffe 

CaCh·KCI A 109 Grjotheim et al. KCJ.NdCl" A 190 Forthmann and Schneider 
CaCb·LiCI A 171 Emons et aI. KCI·PbCI, A 43 Lantratov and Moiseeva 
CaCb·MI(CI, A 109 Griotheim K(]·Prt.l, A 11}0 Fnrthm{lnn ~nrl Srhnpl{1eT 

CaCI,·NaCI A 146 Story and Clarke KCl·RhCl A 98 Zuea and OJteanu 
CaCl .. RbCI A 171 Emons et al. KCl·ScC]' A 71 Fedorov and Petrov 
CaC],·SrC]' A 5 Arndt and Gessler KC1·SnCl, A 119 Rafalskii 
CdCI"C5Cl B 132 Kwak and Ketelaar KCl-TiC:n A 55 Delimarskii and ChcrlloV 
CdC]'·KCI A 25 Bloom and Heymann KCl·UCI., A 137 Mochinnga ct al. 
CdCI.·LiCl A 31 Bloom et al. KC1·lJCI, A 158 Bogacz and Ziolek 
edCh·NaCl A 25 Bloom and Heymann KC]·ZnCl, A 108 Weeks 
CdCl.·PbC!.. A 13 Tarasova 
CdCb·TICI A 14 Protsenko and Popovskaya LaC]'·LlCI A 154 :5miTllov and Khokhlov 

CdCl,·GaCI, A 80 Arbekov and Petrov LaCIa·NaCI A 186 Forthmann, Vogel and Schneider 

CsCl·KCI A 98 Zuca and OIteanu LaCL·RbCI A 186 Forthmann, Vogel and Schneider 

CsCI·LaCl, A 154 Smirnov and Khokhlov LiC]·:'I1gC], A 77 Mat,ushima and Ito 

CsCI·LiCI A 104 Smirnov et a1. LiCJ.~aCl A II Zuca and Olteanu 

CsCI·NaCI A 98 Olteanu and Zuca LiCI·RbCI A II Zuca and Olteanu 

CsCl:PbCI, A 49 Bloom and Macky LiCl·ScCb A 73 Fcdorov and Petrov 

CsCI·RbCI A 98 Zuca and Olteanu LiCI·UCL A 179 Bogacz and ZioJek 

CsCI·ScC]' A 71 Fedorov and Petrov :'IfgCl,·NaC] A 109 Grjotheim ct al. 
CsCI·TiCk A 59 Delimarskii and Chernoy 
CsCI·DCl, A 158 Bogacz and Ziolck NaCl-NhCI" A 54 Bc10zcrskii and Freidlina 
CsCI·ZnCI, A 108 Weeks NuCI·Ndc]" A 190 Forthmann and Schneider 
CuCI·KCl A 116 Kanazawa and Sakai NaCI·PbCJ, A 49 moom and Mucky 
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r ABLE 627. Experimental techniques used and recommended refer· 
ences for specific conductance, density. viscosity, and 
surface tension of molten chloride mixtures-Continued 

Specific conductance 

System Technique Recommended reference 

NaCI-PrCI, A 190 Forthmann and Schneider 
NaCI.RbCI A 98 Zuca and Olteanu 
NaCI·ScCl, A 73 Fedorov and Petrov 
NaCI·SmC1 A 190 Forthmann and Schneider 
NaCI-ThCI. A 81 Kuroda at "I. 
NaCI-TiCl A 55 Dc1imarskii and Chernav 
NaCI·UCl. A 137 Mochinaga et a!. 
NaCI.UCI, A 158 Bogacz and Ziolek 
N"r.l.Znr.J, A 108 W""k. 
NaCI·ZrCI. A 54 Belozerskii and Freidlina 

PbCI.-RhCl A 49 Bloom and l\lacky 
PbC!.-T1Cl A 68 Lantratov and Moiseeva 

RhCl.ScCI. A 71 Fedorov and Petrov 
RhCI.TiC]' A i 59 Chernov and Delimarskii 
RbCI·UCI. A 158 Bogacz and Ziolek 

S4Ch-SbClo A 46 BekctOv et a1. 

Density 

A: Archimedean 
R· Dils:ltnmp:tnl"': 

c: Flotation 
D: 
E: 

Syotcm Technique. 

AgCI.KCI B 

I 
26 Boardman et al. 

AgCI.PbCI. B 26 Boardman et a1. 
AIC}'·BiCIs C I 90 Boston 
AICI,·KC] C 92 Carter and Morrey 
AICI,·LiCI B 112 Moss 
AlCI,·NaCI C IlO Boston 
AIC]'·NH,CI B 42 Yamaguti and Sisido 
AICI,·RbCI B Il2 Moss 

BaCI,·CdC]' B 26 Boardman et a1. 
BaCI,·CsCl A 79 Smirnov et aI. 
BaCI,·KCI A 33 Peake and Bothwell 
BaCIo·LaCl, E 168 Smirnov and Stepanov 
BaCI,·LiCI E 126 Smirnov et a!. 
BaCl,·MgC]' A 150 Reding 
BaCI.·NaC! A 34 Vereshchetina and Luzhnaya 
BaCl,·PhCI, B 26 Boardman et al. 
BaCI,..ZnCI, A 165 Alabyshev and Lantratov 

CaCl..CsCI E 237 Lehman 
CoCb·KCl .'I. 130 Lm"hucn 
CaCI,·LiCI A 171 Emons ct al. 
CaC],.MgCl, A 130 Lillebuen 
CaC]'.MnCl, A 202 Markov et a1. 
C"CI,.N"Cl A 130 Lill"huen 
CaC]"·RhCI A 171 Emons etal. 
CaCI,·SrCI. A 6 Arndt and Gessler 
CdC]'·CsC] A 103 Bloom et a!. 
Crlr:J,.Kr.l R 21> "FlO"Trim." "t .1. 
CdCI,·LiCI A 31 Bloom et a!. 
CdCI,.NaCl B 26 Boardman et al. 
CdCI.·PhCI, n 26 Boardman et al. 
CdCl.·RbCI A 103 Bloom et al. 
CdCI,.TICI A 195 Markov et al. 
:dCl".ZnCI. A 93 Markov et al. 
:eCI.·KCl A 106 Smirnov and Lbov 
:sCI·KCI A 98 Zuca and Olteanu 
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TABLE 627. Expe~imental techniques u~ed and recommended refer· 
ences for specific conductance, density, viscosity, and 
surface tension of molten chloride mixtures-Continued 

Density 

System , Technique Recommended reference 

,CsC1·LaCk E 177 Smirnov and Stepanov 
CsCI.LiCl A 75 Smirnov et al. 
CsCI·MgCI" A 130 Lillebuen 
CsCI·MnCI, A 202 Markov 
C.C] NaCl A 98 Oltcanu and Zucu 

CsC]·PhCI, A 103 Bloom et a1. 
CsC]·RbCI A 98 Zuca and OIteanu 
CsCI·UCI. A 158 Bogacz and Ziolek 
r.~Cl.7nrT, n lOR We .. k. 

CuCI·KC1 A 18 Sackur 

KCI·LaCI, E 178 Smirnov and Stepanov 
KCl·LiCl A 37 Van Artsdalen and Yal!e 
KCI·MgCIu A 13U Lillebuen 
KCI·MnCl, A 72 Murgulescu and Zuca 
KCI·NaCl A 37 Van Artsdalen and Yaffe 
KCI.PbC], B 26 Boardman et a!. 
KCI·RbCl A 98 Zuca and Olteanu 
KCI·SrCI, A 143 Ellis and Smith 
KCl.UCI. D 189 Mochinaga et al. 
KCl·UCI, A 158 Bogacz and Ziolek 
KCl·ZoC]' D 108 WeeI<~ 

La CI,·LaC]' A ! III Smirnov et al. 
LaCIa·LiCI E 176 Smirnov and Stepanov 
LiCI.MgCl, A 130 Lillebuen 
LiCl·l\1nC]' A 202 Markov et al. 
LiCI·NaCl A II Zuea and Olteanu 
LiCI·PbCI, A 193 Lantratov and Shevlyakova 
LiCI·UCL A 179 Bogacz and Ziolek 
LiCI·ZnC], A 194· Markov and Bolkov 

MgC]'.NaCl A 130 Lillebuen 
MgCI,.RhCI A 130 Lillebuen 

NaCI·PbC]' A 103 Bloom et al. 
:'\IaCI·RbCI A 98 Zuca and Olteanu 
~aCl·ThCl, A 200 Kuroda el a1. 
NaCI·UCI, A 158 Bogacz and Ziolek 
NaCI.ZnC!' D 108 Weeks 

PbCI,.RbCI A 103 Bloom et al. 
PbC!,·TICI A 195 Markov et al. 
PbC)'·ZnCI, D 19 Hildebrand and Wachter 

RhCI·UCI, A 158 Bogacz and Ziolek 
RbCI·ZnCI, A 194 Markov and Bolkov 

SbCI,,·SbC]' D 46 Beketol' et al. 
SnC]'·TiCI, D 48 Toropol' 
SnCI,.ZnCI, A ]28 Prikhodko 

TICI·ZnCl, A 195 Markov ct a1. 

A: Capillary 
B: Oscillating sphere 

System Technique Rec.olluncndcd n .. -ft"J.t:Jl\';l: 

Agel.KCl A 35 Harrap and Heymann 
AgCl·PbCb A 35 Harrap and Heymann 
AICL·NaCI A 32 Kryagova 

BaCI ... CsCI B 174 Smirnol' and Khokhlov 
BaCI,·LiCI B 173 Smirnol' and Khokhlov 
BaCl,·l\1gCl, B 151 Bondarenko and Strelets 
BaC]"·NaCI B 34 Vereshchetina and Luzhnava 
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TABU; 627. Experimental tfrhniqu0s uoed and recommended refer· 
ences for specific conductancf. density, viscosity, and 
surface tension of mo:ten ehloride mixtures-Continued 

Viscosity 

System Technique Recommended reference 

CaC],·NaCI E 34 Verc"hchetina And !.l1zhnaya 
CdCl •. KCI A 36 Harrap and Heymann 
CdCb·NaC] A 36 Harrap and Heymann 
CdC]'·PbC]' A 36 Harrap and Heymann 
CsCl·LaC]' B 173 Smirnov and Khokhlov 
CsCI·LiCI B 82 Smirnov and Khokhlov 

KCl·LiCI B 149 Zuca and Borean 
KCl.l\lgCJ. B 66 Bondarenko 
KCl·NaCI B 53 Murgulescu and Zuca 
KCI·PbCI. A 36 Harrap and Heymann 
KC]·SbC]' A 40 Stromberg 

LaCl,·LaCl, B 99 Smirnov et al. 
LnCb·LiCl B 173 Smirnov and KllOkhlov 
LiCl·!\1gCb B 88 Bondarenko 

MgCI.·NaCI B 151 Bondarenko and Strelets 

NaCl.ZnCb A 198 Bloom and Weeks' 

SbCh·SbCl, A 46 Beketov 
SnClI·TiC], A 48 Toropov 

Surface tension 

A: lI1aximum bubble pressure 
B: Wilhelmy slide plate 
C, Pin detachment 

System Technique Recommended reference 

AgCl.KCl A 234 Boardman, Palmer and Heymann 
AgCIPbCL A 234 Doardrnan, Palmer dnd Heymann 

i 
BaC),·CaC], A 229 Lantratov 
BaCl.-CsCl A 225 Smirnov and Stepnnov 
BaCl.·KCI A 232 Bothwell and Peake 
B~Cl,·LaCl, A 168 Smirnov and Stepanov 
BaCb·LiCl A 251 Smirnov et aL 
BaCl,·MgCb A 241 Reding 
BaC]'·NaCl A 233 Sokolova and Voskresenskaya 
BaC]'·RbCI B 244 Bertozzi and Soldani 

CaCl.·CsC) A 237 Lehman 
CaCl,·KCI C 253 Lillebuen 
r.orJ,.T 3Cl C 258 Grj oth .. im et ,,1. 
CaC),·!\1gCl, C 253 Lillebuen 
CaCI,.NaC) A 229 Lantratov 
CaCI,-RbC) C 258 Grjotheim et aL 
CdCl,·KCl A 2.~4 "Rn:'\l"Nm::l.'n et::l.l 

CdCb·NaC) A 234 Boardman, Palmer and Heymann 
CdCl,·PbC]' A 234 Boardman, Palmer and Heymann 
CsCl·LaCI, A 177 Smirnov and Stepanov 
CsCI·LiCI A 252 Smirnov and Stepanov 
CsC)·]'vrgCI, C 253 Lillebuen 
CsCl.NaCl B 243 Bertozzi 
CsCI·PhCI, A 238 Dahl and Duke 
CsCI·SrCI. B 244 Bertozzi and Soldani 

KC1·LaCl, A 178 Smirnov and Stepanov 
KC)·LiCI A 230, Nissen and Carlsten 

231 
RC] MsC], A 245 Dcayatnikoy 

KC]·NaCl A 245 Desyatnikov 
KC]·PbCl, A 238 Dahl and Duke 
KC)·SrCl. A 143 Ellis 
KCI-ZnCJ; A 187 Em. 

TABLE. 6~7. Experimental techniques used and recommended refer. 
ences for spec;/ic conductanct:, density, viscosity, and 
surface tension of moiten chloride mixtures-Continued 

Surface tension 

System iTechnique Recommended reference 

T arl,.l .~rT, .A 248 ."mil':"nou pt :;:1;1 

LiC)·MgCb C 253 Lillebuen 
LiC]·NaCI A 257 Mizuno et a!. 
LiCI·NaCl A 257 Mizuno et a1. 
LiCl·PbCl. A 238 Dahl and Duke 
LiCl·RbCl A 256 Semenchcnko and Shikhobalova 
LiCI·UCl. A 179 Bogacz Ilnd Zio)ek 

MgCb·NaCI A 245 Desyatnikov 
111gCb·RbCI C 253 Lillebuen 

NaCl·PbC), A 224 Bloom et al. 
NaCl·RhCl B 243 Bertozzi 
N ~rJ.Srr.l, n 244 Bcrt02:1i anrl Solrlnni 

PbCl"·RbCI A 238 Dahl and Duke 

7. Unevaluated Systems 

To make this manuscript more complete from the view
point of new systems that have been investigated, this 
section lists the publications that have been received too 
late for critical evaluation. These investigations are sum
marized in tables 623 and 629 for binary mixtures and 
single salts respectively, with an indication of the system, 
property, and investigator. 

TABLE 628. llnevaluated binary systems 

Syotem Property Investigators Ref. 

CaCl,·CsCl Emons, Brautigam, Vogt (1972) 331 

'1 Ohta (1974) 332 
CaCI,XCI '1 Dumas, Fjeld, Grjotbeim, 0ye 

(1973) 333 
CaCI,·LiCI p Brautigam, Emons (1972) 330 
CaCI,·l\1gCl. '1 Dumas, Fjeld, Grjotheim, 0ye 

(1Qn) !lll.'\ 
CaCI,·NaCI '1 Dumas, Fjeld, Grjotheirn, \lye 

(1973) 333 
CaCl.·RbCI p Brautigam, Emons (1972) 330 

'1 Ohta (1974\ 332 
CaCI,·UC]' p Desyatnik, Katyshev, Melnikov, 

Raspopin (1973) 334 
CsC]·KCl p, '1 Zuca, Borcan (1974) 352 
CsCI·LiCl p, '1 Zuca, Borcan (1974) 352 
CsCl·MgCl, '1 Dumas, Fjeld, Grjotheim, 0ye 

(1973) 333 
CsCI·MnCl, Kucharski, Flengas (1974) 335 
CsCI·NaCl '1 Ohta (1974) 332 
CsCl·RbCl P,7] Zuca, Borcan (1974) 352 
CsCI-SrCI, K Emons, Brautigam, Vogt (1973) 336 

KC)·LuCla 'Y Kurmacv, Kuprianova, Maltsev, 
Krnkhin (197·1-) 337 

KCl·l\1nCI, KudlUTSki. YI<'ngas (1974) 335 
KC1·NdCl, 'Y Kurnwcl'. Kuprianova, Maltscv, 

. Krokhin (197'lJ 337 
KC] RbCI p, '1 i Zucn, Ronan (1974·) 862 
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TABLE 628. Uneva]uated binary !vslems"-Continucd TABLE 629. Unevaluated ~ing!c salls"-Continued 

System Property 

KCI·SrCI, 

KCl·TICI p 

LiCI·lIfgCI, 

LiCI·MnCl, K 

LiCI·RbCI p 

n 

LiCI·SrClz K 

MgCI,·RLCl ?} 

MgCI,·lJCl, .0 

MnCI,.NaCI 
lIInC]'·RbCI 

NaCI·SrC]' 
NbCI,·TaCh p 

RbCl·SrCl, p 
RbCI·TiCI 4 

Investigators Ref. 

Yosh:da, Oyamada (1973) 325, 
Emons, Brautigam, Vogt (1973) 336 
Buckle, Tsaoussoglou (1972) 219 

Dumas, Fjeld, Grjotheim, 0ye 
(1973) 333 
Kucharski, FJengas (}974) 335 
Zuca, Borean (974) 352 
Dumas. Field. Griotheim. ('lye 
(1973) 333 
Zuca, Borean (1974) 352 
Emons, Brautigam, Vogt (973) 336 

Dumas, Fjeld, Grjothcim, \'lye 
(1973 ) 333 
Desyatnikov, Katyshev, Mclnikov, 
Raspopin (}973) 334 
Kucharski, Flengas (1974) 335 
Kucharski, Flengas (1974) 335 

Emons, Brautigam, Vogt (1973) 336 
Niselson, Sokolova (1964) 217 

Emons, Brautigam, Vogl (1973) 336 
Buckle, Tsaoussoglu (1972) 219 

"The following un evaluated ~ystems were added at the galley 
proo! stage: BaCI,·LiCI (p) [366]; BaCI,.NaCl (p) [366]; BeClz.KCI 
(p) [370]; BeCl,·NaCI (p) [370]; CaC]'·DyCI, (p) [367J; CaCL. 
NdC!:. (p) [350]; CaCl,·PrCl, (p) [350}; CdCl,·PbCI, (K) [363]; 
CsCI·LiCI (-y) [359]; CsCI·NaCI h) [359]; Kel·LiCI (-y) [359]; 
KCI·MgCl, (p) [368]; KG·NaGI (:y) l359J; KCI":'1dCk (p) [350]; 
KCI·PrCI" (p) (350]; KCI·SnC]' (K, ')') [364]; KCI·ThCI, (I(, p) 

[355]; KCI·UCI" I')') [360]; KCI·UCJ, h) [360]; KCI·YCJ" (If) 
[354]; p [356); LlCl·NaCl (p) [366]; ')' [3591; LiCI·SrCL (p) [366]; 
MnC]'·Bu,NCI (,,) [365]; ~aCl.NdCb (p) [350]; NaCl.PrCl, (p) 

[350]; NaCI·SrCla (p) [366); NaCl·ThCI, (If,p) [357]; NaCI.UC]' 
(')') [360]; NaCl·YCI. (p) [356]; PbCL·ZnC]' (If) [358), (K,?}) 
[369J; SnCb·ZnCb (K) [358], (K, ')') [364J. 

System Property Ref. 

mCb K Treiber, Todheide (973) 340 
p I Treiber, Todheide (973) 341 

CaCI, ?} Ohta (1974) 332 

CaCI, K Kucharski, Flengas (1974) 335 
p Zucc., Borcan (1974) 352 
?} Ohta (1974) 332 

Zuca, Borcan (1974) 352 

KCI K Buckle, Tsaoussoglou (972) 342 
Shabanov, Gadzhiev, Tagirov 
(1973) 343 
Kucharski, Flengas (1974) 335 

p Zuca, Borcan (1974) 352 
?} Ohta (974) 332 

Zuca, Borean (1974) 352 

GaCla I( Greenwood, Worrall (I 957) 351 

LiCI K Kucharski, FJengas (1974) 335 
Shabanov, Gadzhiev, Tagirov 
(1973) , 343 

P,7] Zuca, Borean (1974) i 352 
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System Property Investigators Ref. 

MnCl, Kucharski, Flcngas (1974) 335 

p Markov, Prisyazhnyii, 
Prikhod'ko (1970) 202 

NaCl Kuvakin, Evstifeev, Ispolin, 
Talanova (1972) 339 
Shabanov, Gadzhiev, Tagiroy 
(1973) 343 
Kucharski. Flen!ias (1974) 335 
Ohta (1974) 332 

RbCI Kucharski, Flengas (1974) 335 
Shabano\', Gadzhiev, Tagirov 
(1973) 344 

p Buckle, TsaoussogJou (l9i2) 219 
Zuca, Borean (I 97 4) 352 
Ohta (1974) 332 
Scboncborn (1974) 345 
Zuca, Barcan (1974) 352 
Grjothcim, Holm, Lillebuen, flye 
(972) 258 

Karamysbev, Vitkin, Ozhego\', 

i Levenkov, Kipov (973) 329 
ZnCI, ')' 

"The following unevaluated systems were added at the galley 
pro"f <!age, RaC]. (1') [366]; BeCL (K) [3621; DyCL (1') [367J; 
LiC] (p) [366]; NaCI (p) [366]; SrCI, (p) [366]; ZnCl, ('I) [361]. 

Acknowledgements 

This work was made possible in large part by financial 
support received from the Office of Standard Reference 
Data, National Bureau of Standards, Washington, D. C. 

We wish to thank Howard 1. White, Jr. and 1. Hilsenrath 
(Office of Standard Reference Data, NBS) for diGcuo::dons 

on various aspects of computer analysis and data evalua. 
tion. Contributions to the early phases of this work· by 
H. F. Siegenthaler are gratefully acknowledged. The 
assistance of Max A. Mueller with the analysis relatlve to 
the viscosity of potassium nitrate is also gratefully 

. acknowledged. 

The American Ceramic Society and the Israel Program 
for Scientific Translations are thanked for permission to 
reproduce some of the phase diagrams from Phase Dia· 
grams for Ceramists [321J and from the Handbook of 
Solid-Liquid Equilibria in Systems of Anhydrous Inorganic 
Salts [322J, respectively. 

8. References 

[lJ Janz, C. J., Dumpier, F. W., Lith.~1IllijJl(11i;1YU!1i;1J1, G. n., 
Lorenz, P. K., and Tomkins, R. P. T., "1\·loitcn Salts: 
Volume 1, Electrical Conductance, Density, and Viscosity 
Data", Nat. Stand. Ref. Data Ser., NBS (U.S.), 15, 139 
pages (Oct. 1968). 

[2] Janz, G. J., Lakshminarayanan, G. R., Tomkins, R. P. T., 
and Wong, J., "Molten Salts: Volume 2, Section 2, Surface 
Tension Data", Nat. Stand. Ref. Data Ser., NBS (U.S.), 
28,62 pages (Aug. 1969). 



PROPERTIES OF CHLORIDES AND MIXTURES 1173 

[3] Jar;z, G. J., Krebs, D., Siegentbaler, H. F., and Tomkins, 
R. P. T., ":\1oltcn Salts: Volume 3, Nitrates, Nitrites 
ani l\1ixtures, Electrical Conductance, Density, Viscosity 
and Surface Tension Data", J. Phys. Chern. Ref. Data, 
1, No.3, 581-746 (972). 

[4] Janz. G. J., Gardner, G. L., Krebs, U., and Tomkins, R. P. T., 
"l\Iolten Salts: Volume 4, Part 1, Fluorides and Mixtures, 
Electrical Conductance, Density, Viscosity and Surface Ten· 
sion Data", 1. Phys. Chern. Hef. Data, 3, No.1, 1-116 
(974) . 

[5] Arnell, K., and Gessler, A., Z. Elektrochem., 14, 662 (1908). 
[6] Arndt, K .. and Gessler, A., Z. Elektrochem., 14, 665 (1908). 
[7] Fow,iLt, c. E., J. Chern. Soc., 93, 1299 (1908). 
[8J Campbell. A. N., and Nagarajan, M. K., Can. J. Chern., 42, 

lI37 (1965). 
[9J Lorenz, R., Frei, H., and Jabs, A., Z. Phys. Chern., 61, 

46B (lC)OS). 

:10J Howell, 1. J., and Kellogg, H. H., Trans. AIME, 215, 143 
(1959) . 

[l1J Oltcanu, M., and Zuca, S., Rev. Roumaine Chim., 15, 1503 
(1970). 

[12JSandonnini, c., Guzzetta, 50, 289 (1920) . 
[13] Tarasovn, N. M., Zhur. Fiz Khim., 21,825 (947). 
[14] Prot senko, P. 1., Izv.Vyssh. Ucheb. Zaved. Khim. I Khim. 

Tekhnol.. 4. 345 (19611. 
[15] Belyaev, 1. N.. and Mironov, K. E., Doklady Akad. Nauk 

SSSR, 73, 1217 (1950). 
[16] Kryagova, A. 1., Zh. Obshch. Khim., 9, 2061 (1939). 
[17] Fuseya, G., and Ouchi, K., Denki Kagaku, 17, 254 (1949). 
[18] Sackur, 0., Z. Phys. Chern., 83, 297 (913). 
[19] Wachter, /I., and Hildebrand, J. H., J. Amer. Chern. Soc., 

52, 4655 (1930). 
[20] Alahyshev, A. F., and Kulakovskaya, N. Ya., Trudy, Lenin. 

grad. T<'khnoJ. Jnst. Jm. Leningrad. Soveta, 12, 152 (1946). 
[21] Ryschkcwits~h, E., Z. Elcktrochem., 39, 531 (933). 
[22) Abramov, G. /I., Legkie, ~1etaJly., 5, 27 (1936). 
[23J Kurpachev, S. V., PodchainovB, V. N., and Stromberg, A. G., 

J. Gen. Chem., <llSSR) , 5, 1517 (]935). 
[241 Barzakovskii. V. P .. Izv. Sekt. Fiz. Khim., 5, 825 (l940). 
[25] Bloom, H., and Heymann, E., Proc. Roy. Soc., 188, 392 

(19471. 
[26] Boardman, N. K., Dorman, F. H., an.1 lIeymann, E., J. 

Phys. Chern., 53, 375 (1949). 
[271 Grothe, H., Z. Elektrochem., 53, 362 (1949). 
[28] Pavlenko, S. P., Izv. Sekt. Fiz. Khim., Anal. Ins!. Obshchei 

i Neon~. Khim., 17, ??O (lQ4Q) 

[29J Ogawa, K., J. Japan Ins!. Metals, 148, (1950). 

[30J Huber, R. W., Potter, E. V., and SI. Clair, H. W., U. S. Bur. 
Mines Rep!. Invest. No. 4858 (1952). 

[31J Bloom, B., Knaggs, r. W., Molloy, J. J., and Welch, D., 
Trans. Faraday Soc., 49, 1458 (1953). 

[32] Kryagova, A. J., Zh. Obshch. Khim., 9, 1759 (1939). 

[33] Peake, 1. S., and Bothwell, M. R., J. Amer. Chern. Soc., 
76, 2653 (954). 

[34] Veresbchetina, I. P., and Luzhnaya, N. P., Jzv. Sekt. Fiz. 
Khim. Ana!., 25, 188 (1954). 

[35] Harrap, 13. S., and Heymann, E., Trans. Faraday Soc., 51, 
259 (1955). 

[36J Harrap, B. S., and Heymann, E., Trans. Faraday Soc., 51, 
268 (1955). 

[37] Van Artsdalen, E. R., and Yaffe, 1. S., J. Phys. Chern., 59, 
119 (11)55). 

[38] Duke, F. R., and Fleming, R. A., J. Electrochem. Soc., 104, 
251 (1957). 

[39] Karpatschoff, S., and Stromberg, A. G., Z. Anorg. Chern., 
222, 78 (] 935) . 

[4OJ Stromberg, A. G .. Zhur. Fiz. Khim., 13, 436 (}939). 

[41J Streiets, Kh. L., Zhludneva, V. N. and Reznikov, I. L., Zlll:r. 
Priklad. Khim., 28, 643 (1955). 

[42J Yamaguti, Y., and Sisido, S., J. Chern. Soc. Japan, 62, 304 
094.1). 

[4..3] Lantntov, M. F., and ~loiseeva, O. F., ZhUT. Fiz. Khim., 
34, 367 (1960), Russ. J. Phys. Chem., 34, 171 (1960). 

[44] LuzhnaY3, N. P., Evseeva, N. N., and Vereshchetina, N. P., 
Zhur. N~org. Khim., 1, 149() (1956); Russ. J. Inorg. Chern., 
1. 35 (1956). 

[45] Trifono\', N. A .• Akad. Nauk SSSR, OTD Tekh. Nauk. Inst. 
1\1 ashinm'cd. Sovcshch. V Yazkosti Zhii. KoJloid Rast. 
2, 76 rI944). 

[46J Bcketo", 1\-1. B., Sumarokova, T. N., and Usanovich, M. 1., 
Iz". Akad. Nauk. Kha7 .. SSSR, Ser. Khim. Izv., 123, 3 
(1953) . 

[47] Bissell, C. L., and Duke, F. R., Electrochcm. Soc., Ill, 
717 (1964). 

[48] Tnropo". A. P .. J. Gcn. Chern. (USSR). 26. 3635 (1956); 
Zh. Obshch. Khim., 26, 3267 (1956). 

[49] Bloom. H., and !l1acky, C. J., Austral. J. Chern., 23, 1523 
(1970), 

[50] Yamagutti, Y., and Sisido, " J. Chern. Soc. Japan, 59, v., 
1311 (1938) . 

[51; Kalita, P. T., and Plotnikov, V. A., Zhur. Fiz. Khim., 62, 
2195 (19.30) . 

f521 Kuroda. T .. and Suzuki. T .. r. F:le~tro~h .. m. Sn~. Japan, 29. 
E215, (1961 ). 

[53) Murgulescu, 1. G., and Zuca, S., Rev. Roumaine Chim., 10, 
129 (]965). 

[54] BeJoscrski, N. A .. and Freidina. n. A .• Zbur. Priklad. Khim., 
14, 466 09m. 

[55J Chcrnov, R. V., and DeJimarskii, Yu. K., Dopovidi Akad. 
Nauk. Ukr. R.S.R., 795 (1960), 

[561 Markov, B. F .. and Prisyuzhnyii, V. n .. Ukrain. Khim. Zhur., 
28, 130 (1962). 

[S7J J\1arkov, B. F., and Prisyazhnyii, V. D., Ukrain. Khim. Zhur., 
28,418 (l962). 

[58J Markov, B. F., and PrisyazhnyiL V. D., Ukrain. Khim. Zhur., 
28, 653 (1962). 

[591 Chernov, R. V., and Delimarskii, Yu. K .. Zhur. Neorg. Khim., 
6, 2749 (961); Russ. J. Inorg. Chern., 6, 1389 (1961). 

f601 Kuroda. T .. Mn~hin:lg". J .. "n<l T"knei, R. ]. Electrochem. 
Soc. Japan, 37, 210 (J969). 

[61] Kamcnetzky, M. V., and Shevlyakovu, I., Izv. Vysshikh 
Zavedenii Tsel'in. Met., 3, 89 (1962). 

f62] Cohen. A .. and Tr~nt1wl.ll, W. D., Hel". Chi';'. Act~., 22, 
445 0939}. 

[63J Barzakol'skii, V. P., L('ningrad. Gos. Ins!. Prik. Khim. 
Sbornik Raho!., 33, 5 i ]940). 

[64J Couturier, J.·Cl., Compt. Rend., 264. 1378 (1967). 

[95] Matsumura, 1'., ~1i'Zllno, lIf., and Nishihara, K., Suiyokwai·Shi., 
16,91 (J966). 

[66J Bondarcnko, N. V., .T. Appl. Chern. (USSR), 39, 2522 
(1966) ; Zh. Prikl. Khim .. 39. 2684 (966). 

(67J Bizouard, JlL, Ann. Phys .. 6, 851 (1961). 

[68J Lantratol'. 1\1. F .. and 1I10isec"", O. F., Zhur. Priklad. Khim., 
34, 1169 (961). 

[691 Dclimnrckii, Yu. K.. Fc.hchcnko. V. G., antI ShdhQ, T. N., 
Zbur. Fiz. Khim., 29, 1499 (]95Sl. 

[70] Belyucl', I. 1\., Tzv. Sekt. Fiz. Kbim .. 23, ]76 (1953). 

[7lJ Fyndnrol', N. Yu .. and Petrol', E. S., hI'. Sib, Otd. Akad. 
Nn\lk. S."SR., Ser. Khim. N"uh., 1, :;7 (19(j7). 

[72] !lbrl!ulescll. J. C .. ancl Zuca, S .. He\,. Roumainc, Chim., 2, 
'2.27 (prm. 

[731 Feder"", ~\J. Yn .. and PPlrnv. E. S .. Izv. Sib. Otd. Akad. 
N,,"k. ;;;;;;H. SfT. J..:hilll. N,,"k, 1.17 (J'XJ7). 

[741 L""Ir;II" ... )\1. F .. :1"d :\1 "i,,'''''''. n. F .. .T. Appl. Chrm. 
IliSSl1). :~:{. 219·1- 1]%11): Zh. l'i·ikb.J. Khim., ;{3, 2225 
(1%0) . 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 



1174 JANZ ET AL. 

[75] Khokhloy, V. A., Smirnov, M. V., and Stepanoy, V. P .. Tr. 
Inst. Elektrokhim., Ural Filial, Akad. Nauk, (SSSR), 9, 
9 (1966); Electrochemistry of Molten and Solid Electro· 
lytes, 6, 5 (968). 

[76) Bergman, A. G., and Chagin,I. M., Izv. Akad. Nauk, (SSSR), 
5, 727 (1940). 

[77) Matsushima, T., and Ito, T., Denki Kagaku, 35, 714 (1967). 
[78) Ellis, R. B., AEC Rpt. ORD 2073-12, (1967). 
[79) Puzanova, T. A., Smirnov, M. V., and Stepanov, V. P., 

Electrochem. of Molten and Solid Electrolytes, New York 
Consultants Bureau, 7, 21 (1969). (Transl. from Tr. Inst. 
Elektrokhim. Akad. Nauk. SSSR Ural Filial., 10,21 (1967). 

laO] Arbekov, V. N., llUJ I'~llUv, E. S., hv. SjL. OLJ. AkHd. 
Nauk. (SSSR), Khim. Nauk, 2, 133 (1968). 

[81] Yoshida, S., Oyamada, R., and Kuroda, T., Denki Kagaku, 
36, 297 (] 968) . 

[132J Smirnov, M. V., and Khokhlov, V. A., Elcctrochcm. of Molten 
and Solid Electrolytes, New York Consultants Bureau, 7, 
24 (1969). (Trans!' from Tr. Jnst. Elektrokhim. Akad. 
Nauk. SSSR Ural Filial., 10, 31 (1967) ). 

[83] Zuca. S., and Ionescu·Vasu, L., Rev. Roumainc, Chim., 12, 
1285 (1967). 

[84] Janz, G. J., Brown, C. T., and Gardner, H. J., J. Phys. 
Chern., 62, 1479 (958). 

[85) Markov, B. F., and Prisyazhnyil, V. D., Ukrain. Khim. Zhur .. 
31, 117 (1965). 

[86) Nishihara, K., :\fatsumura, Y., and Asaki, Z., Suiyokai·Shi, 
15, 307 (1964). 

[87) Kunigi, :W., Yamate, T., and Takeuchi,S., J. Soc. Materials 
:;ci., !/, 486 (1960). 

[88) Bondarenko, N., Fiz. Khim. Elektrokhim. Rasplav. Solei 
Shlakov. Tr .. Vses. SOy 1st., 277 (1969). 

[89) Bukhalova, G. A., and Yagub'yan, E. 5., Russ. J. lnorg. 
Chcm., 10, 1101 (1905). 

[90J Boston, C. R., J. Chern. and Eng. Data, 13,117 (1968). 
[91) Smith, W. E., and Smith, C. P., J. Chern. and Eng. Data, 

13, 123 (1968). 
[92J Morrey, J. R., and Carter, D. G., J. Chern. and Eng. Data, 

13, 94 (1968). 
[93] Markov, B. F., Prikhodko, G. P., and Prisyazhnyii, V. D., 

Ukrain. Khim. Zhur., 34, 126 (968). 
[94) Volkov. S. V .. Pri.y •• hnyii. V D., and Markov, B. F., Fiz. 

Khim. 1. Elektrokhim. Rasplavlen. Solei Akad. Ukr. SSR, 
Inst. Obshch. 1. Neorgan. Khirn., 70 (1965). 

[95] Maurit, A. A., Zhur. Priklad. Khirn., 39, 1285 (1966), J. 
App!. Chern., USSR. 39, 1203 (1966). 

[96] Ukshe, E. A., and Kachina·PulJo, E. B., Russ. J. Inorg. 
Chern., ll, 638 (966). 

(97) Sundheim, B. R., J. Phys. Chern., 61, 116 (1957). 
[98) Olteanu, M., and Zuea, S., Rev. Roumaine Chim., IS, 357 

(970) . 
[99] Srnirnov, M. V., Khokhlov, V. A., and Stepanov, V. P., Russ. 

J. Phys. Chern., 40, 671 (1966). 
[100) Matsumura, Y., Mizuno, M., and Nishihara, K., J. Chern. 

Soc. Japan, 85, 404 (1964). 
[101) Hersh, L. S., and Kleppa, O. J., J. Chern. Phys., 42, 1309 

(1965) . 
(102) Grothe, H., Aluminum, 38, 320 (1962). 
[IOSJ Bloom, II., Duyd, P. W. D., Laver, J. L., and Wong, J., 

Austra!' J. Chern., 19, 1591 (1966). 
[104.) Khokhlov, V. A., Puzanova, T. A., and Smirnov, :\1. V., Tr. 

Inst. Elcktrokhim., UFAN SSSR., 9, 21 (1966). 
[10::;J Bukha]uva, G. A., and Yagub'yan, E. S .. lhur. Pnklad. Khim., 

41,1861 (1968); J. Appl. Chern. USSR, 41, 1752 (1968). 
[106] Lbov, V. S., and Smirnov, M. V., Electrochemistry of Molten 

and Solid Electrolytes, 9,27(968), (Trans!' from Tr. Inst. 
Elektrokhim. UFAN SSSR, 9, 37 (1966). 

[107] Timidei, A., Lederman, G., and Janz, G. J., Chern. Instru
mentation, 2, 309 (970). 

[108; Weeks, I. A., Ph.D. Thesis, Univ. of Tasmania, Sept. (969). 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 

[l09] Nikolio, R., Grjotheim, K. and ~yc, H. A., Acta. Chern. 
Scand., 24, 489 rI970). 

[110] Boston, C. R., J. Chfm. and Eng. Data. 11,262 (]966). 
[111) Smirnov. M. V., Khokhlov, V. A., and Stepanov, V. P .. 

Elect~ochemistry of Molten and Solid Electrolytes, 7, 31 
(1968). (Trans!' from Tr. lnst. Elektrokhim, UFAN SSSR, 
10, 41 (1967). 

[112) :\1055, R. H., Diss. Abs., IS, 8 (1955). 
[113) Markov, B. F., and Sherbakov, A. A., Zhur. Fiz. Khim., 

13, 621 (1939). 
[114] Batashev, K. P., TlIetallurg. (Leningrad.), 10, ]00 (]935). 
[ll5] ~idorjkawa, R., 1. Electrochem. Soc. Japan, 24, 23 (1956). 
[116J KallHzawa, U. and Sakal, K., J. Chern. Soc. Japan, 75, 186 

(1954) . 
[117) Hayashi, S., and Sakai, K., J. Chern. Soc. Japan, 76, 

101 (1953). 
[lIB] ChemIn, M., Rev. Chin>. Miner .. 3, 993 (l9GG). 

[119] Rafalskii, V. V., Ukrain. Khim. Zhur., 26, 585 (960). 
[120] Barzakovskii, V. P .. and Kochinashvili, V. A., J. AppJ. Chern. 

(USSR), 30, 1824 (1957), Zhur. Priklad. Khim., 30, 
1755 (957). 

[121J Grantham, L. F., J. Chern. Phys., 4A, 3835 (968). 
[1221 Adler, H., and Lorenz, R., Z. Anorg. Chern., 172, 372 (1928). 
[1231 Belyaev, I. N .. and Mironov, K. E., J. Gen. Chern. (USSR), 

22. 1775 (1952): Zh. Ohsheh. Khim .. 22. 17:\4 (1952). 
[124] Markov. B. F., and Prisyazhnyii, V. D., Tr. Vses. Soveshch. 

Po. Fiz. Khim. RasplaYien. Solei, 2nd Kiev, (1963), 5, 
(965) . 

[125] Berra, E., Forchcri, S., ar:d Wagner, V., Z. Naturforsch, 
24A, 887 (1969). 

[126] Ozornin, S. A., Smirnov, M. V., and Stepanov, V. P., J. Appl. 
Chern. (USSR), 42, 796 (1969), Zhur. Priklad. Khirn., 
42, 838 il969). 

[127j Sakai, K., Venki Kagaku, 34, 501 (964). 
(128] Prikhod'ko, G. P., Ukrain. Khim. Zhur., 36, 17.3 (970). 
[129] Bochkareva, N. N., Kochergin, V. P., and Mlynskaya, T. P .. 

Russ. J. Inorg. Chern., 14, 711 (1969). 
(130) Lillehuen, B., Ph.D. Thesis, The Technical University of 

Norway, Trondheim, Norway, (969), 
(131) Protsenko, P. I., and Shatskaya, K. P.. Elektrokhimiya, 3, 

571 (967), SOy. Eke. Chern., 3, 502 (967). 
[132] Kotel""r, J. A. A., nnd Kwak, J. C. Th., Electlothhll. Add, 

14, 955 (1969). 
[133) Grjotheim, K., Holm, J. L., Lillebuen, B., and \"lye, H. A., 

Trans. Faraday Soc., 67,640 (971). 
[134J Gruen, D. M. ontl !'lye, H. A., Inorg. Chern., 1, 1173 (1965). 
[135) Cho, K, Kuroda, T., Mochinaga, J., and Takagi, R., J. 

Electrochem. Soc. Japan, 37, 658 (1969). 
[136] Harrap, B. S., and Heymann, E., Chern. Rev., 48, 45 (951). 
[137] Cho, K., Kuroda, T., Mochinaga. J., and Takagi, R., Denki 

Kagaku Oyobi Kogyo Butsuri Kagaku, 37, 280 (1969). 
(138) Arbekov, V. N., and Petrov, E. S., Izv. Sib. Otd. Akad. 

Nauk. SSR, Ser. Khim. Nauk., 69, 163 (1969). 
[139] Egerev, D. I., and Zolotarev, V. 1., J. Appl. Chern. (USSR), 

42, 1123 (969), Zhur. Priklad. Khim., 42, 1184 (]969). 
[140] GrGthe, K. H., Z. Anorg. Allg. Chern., 378, 225 (1970). 
[141) Olteanu, 1'11., and Zuca, S., Rev. Roumaine Chim., 13, 1567 

(1968) . 

[142j Bloom, H., Pure Appl. Chern., 7, 389 (]963). 
[143] Ellis, R. B., and Smith, J. E., Prog. Rep. U.S.A.E.C., Contract 

No. AT(40-1)-2073, (1958) 
[144] BHfzakovskil, V. P., Zhur. Priklad. Khlm., 13, 1117 (lY4U). 

(145) Karpachev, S. V., Poltoratskaya, 0., and Stromberg, A. G., 
Zhur. Fiz. Khim., 5. 793 (1934.). 

[l46J Clarke, 1. T., and Story, B., J. Metals, 9, 1449 (1957). 
[147J Bredig, M. A .. and Bronstein, H. R, Oak Ridge Nat. Lab., 

Rep. 3320, 101, (962). 
[148] Chretien, A., and Couturier, J. c., Rev. Chim. Minerale, 2, 

487 (1965). 



PROPERTIES OF CHLORIDES AND MIXTURES 1175 

[149] Borean, R., and Zuca. S., Rev. ROllmaine Chim., 15, 1681 
(]970) . 

(150) Reding, J. N., J. Chem. and Eng. Data. 10, 1, (1965). 
[151) Bondarcnko, N. V., and Strelets, Kh. L., 1. AppJ. Chern. 

(USSR), 38, 1254 (1965), Zhur. Priklad. Khirn., 38, 
1273 (965). 

[152] Bukhalova, G. A., and Yagub'yan, E. S., Russ. J. Inorg. 
Chern., 13, 1162 (1968). 

[153) Arndt, K., and Kunze, H. H., Z. Elektrochern., 18,994 (]912). 
[154) Khokhlov, V. A., and Smirnov, III. V., J. Appl. Chem. 

(USSR), 4·3, 307 (1970), Zimr. Priklad. Khim., 43, 302 
(1970) . 

[155] Khokhlov, V. A., and Smirnov, M. V., Ti. Inst. Elektrokhirn. 
UFAI\' SSSR, 12, 33 (1969), Electrochemistry of Molten 
and Solid Electrolytes, 9, 24 (1972). 

[lSn] Perk.. O. F., Po~onyol:o\', A. N., and Shcil<o, I. N., Ukrain. 

Khim. Zhur., 31, 1055 (1965). 
[157] Kryagov8, A.!', Zhm. Obschci Khiin .. 9, 1755 (1939). 
[158] Ziolek, B. and Bogacz, A., Roczniki Chern., 44, 665 (1970). 

. [159] Grothe, FL. and Savelsberg, W., Z. Elektrochelll., 46, 336 
(1940) . 

[160] Heymann, E., and Mulcahy, M.F.R., J. Phys. Chern., 47, 
485 (1943). 

[161] Ito, T., l\Iatsu~hima, T., and Som, P. K .. J. Electrochem. 
Soc. Japan, 35,339 (}967). 

[162] Markov, B. V., and Prisyazhnyi, V. D., Ukr. Khim. Zh., 
29, 47 (l96~). 

[163J Bukhalova, G. A., and SementsOl'8, D. Y., Ruo~. J. Inorg. 
Chern., 15,411 (19iO), Zh. Neorg. Khim., 15. 806 (1970). 

[164J Howie, R. L., and ;\-1 acmili an, D. W., J. JIlIJrg. Nuel. Chern., 
33, 3681 0970 J. . 

[165] Alabyshe,', A. F., and Lantratov, III. F .• J. Appl. Chern. 
(U5Sn), 27, 685 (1954), Zhur. Priklad. Kh:m., :1:7, n2 
(1954·) . 

[166) Khokhlov, V. A., and Smirnov, M. V., Tr. Ins!. Elcktrokhim. 
lJRAL. Filial Akad. Nauk SSSR, 12, 29 (]969). 

[167] Bondarenko, N. V., and Strelets, Kh. 1., J. App!. Chern. 
(USSR), 35, 1224 (1962), Zhur. PrikJad. Khim., 35, 

1271 (1962). 
[168] Stepanov, V. P., and SmirnoY, M. V., Tr. Inst. Elektrokhim. 

Akacl. Nellk. SSSR Ural Filial, 14., 62 (1970). 
[169] J3izouard, M., and Doucet, Y., Compl. Rend., 250, 73 (1960). 
[170J Elisceva, A. F., Popovskaya, N. P., and Protsenko, P. I., 

Zhur. Fiz. Khim., 4.3, 987 (1969), Russ. J. Phys. Chern., 
4·3, 54..::; (1969), 

[171] Brnutigarn, G., Emons. H. H., and Vogl, H., Z. Chern., 10, 
344 (970). 

[172] Khokhlov, V. A., and Smiruol', M. V., Tr. Inst. Elcktrokhim. 
Akad. Nauk. SSSR Ural Filial, 14, 70 (1970). 

[173] Khokhloy. V. A., and Smirnov, M. V., Tr. Inst. Elektrokhim. 
Akarl. Nauk, SSSR, Ural, Filial, 14, 66 (1970). 

[174] Khokhlov, V. A., and Smirnoy, :II. V., Tr. JilI;t. Elektrokhirn. 
UFAN Akad. Nauk, SSSR, Ural. Filial, 12.45 (969). 

[175) Boston, C. R., Grantham, L. F., and Yosim, S. F., 1. Electro· 
chern. Soc .. 117, 28 (1970). 

[176; Sl11irn(l\', M. V., and Stepanoy. V. P., Tr. Infl. Elektrokhirn. 
rFAN Akuel. Nauk. SSSR, Ural. Filial, 14, 58 (1970). 

[177J Smimov, 1\1. '1'., u"d Stcpanov, V. P., Tr. Inst. Elektrokhim. 
UFAN Akad. Nuuk, SSSR, Ural. Filial, 12, 9 (1969); 
Electrochemistry of !v!o]ten and Solid Electrolytes, 9, 5 
(l9i2l. 

[178] Smirnov. 1\1. V., an,) Stepanov, V. P., Electrochemistry of 

Molten and Solid Electrolytes, 9, 1 (1972), Tr. Inst. 
Elektrokhim. UFAN Akao. Nauk. SSSR Ural Filial. 12, 
3 (1969). 

[179J Bogacz, A., and Ziolek, B., Rccz. Chern., 44, 857 (970). 
~180) Ellis, R. B., ORO Report 2073-11, July (1966). 

[181] Marko\', n. F., and Prisyazhnyi, Ukrain, K"im. Zlnrr., 29, 
Il28 (1963). 

[182) Taniuchi, K., Keikinzokii, 20, 157 (1970). 

[1831 Kawamura, K., Kagakll No Ryoiki, 23, 494 (]969l. 
[184] Ellis, R. B., AEC Report AT-(40-1)-2073, (1959). 
[185) Easteal, A. J., and Hodge, 1. M., J. Phys. Chern., 74, 730 

(970) . 
[186) Forthmann, R., Vogel, G., and Schneider, A., Z. Anorg. 

Chern., 367, 19 (1969). 
[187) Elli!', H. Bo, AEC Report AT-(40-1)-2073. (1962). 
[188] :l1idorikawa, R., J. Electrochern. Soc. Japan, 23, 310 (1954). 
[189) Cho, K., Kuroda, T., l\1ochinaga, .1., and Takagi, R., Denki 

Kagaku, 37, 654 (969). 
[190) Forthmann. R .. and Schneider, A., Z. Anorg. Chern., 367, 

27 (19(j9). 

[]91) Belyae\', A. 1.. and Daniclyan, E. R., Fiz. Khirn. Raspl. Tr. 
Vses. 50v. Po., Fiz. Khim Rasp!. Solei, 2ud Kiev, 88 (1963). 

[192) Markov, B. F., Doklacly Adad. Nauk. 5.s.S.R., 102, 1163 
09;:;(;) . 

[193] Shrl'iyako\'a, T. ~ .. and Lantratov, M. F., Tr. Vses. Sovershch. 
Po. Fiz. Khim. Raspluv. Solei, 2nd Kiev, 88 (1963). 

(j94] Markov, n. F., and Bolko\', S. V., Ukrain. Khim. Zhur., 33, 
1115 11967\. 

[195J IIIarkuI'. B. F., Pl'ikhodko, G. P .. and Prisyazhnyii, V. D., 
Ukrnin. Khirn. Zhur., 34, 130 (1968). 

)96] Ch,',nokov. A. A., and Strdets, Kh. L., Tsvetnye Metally, 
43. !i9 (lCJ70) 

[197] W(,t'b, 1. ;\ .. and Bloom, H., Trans. Faraday, Soc., 67, 
H16 <I97li. 

[l98·1 "i<:'!'ks. I. A., and Bloom, H., Trans. Faraday Soc., 67, 
1420 <I97]). 

f199] Wt'('k<. l. A., and Tlloom, H., Trans. Faraday Soc., 67, 
HID (1971). 

[2001 Kuroda. T .. and Oyamada, R., Dcnki Kagaku Oyabi Butsuri 
Kagaku, 37, 417 (969). 

[LU1] i\lat~llmtll'a. Y .. lIIiwno, M., and Nishihara, K., Suiyokai·Shi, 
16, 167 (1%7). 

[2021 Marko\', D. F .. Prisyazhnyi, V. D., anti Prikhod'ko, G, P., 
Ukrain. Khim. Zhur .. 36, 251 (1970). 

[20.3; Gul'din. 1. T., nne! Buzhinskaya, A. Y .• J. Appl. Chern. 
1 USSR), 38, 780 (1965), Zhur. Priklad. Khim., 38, 778 
(1965) . 

[2Ml }J'yaso\,. 1. 1., and Barscgo\', D. G .. Russ, J. Inorg. Chern., 
15.731 (1970). 

[205) Pris)'a~hn)'i, V. D., and Brygailo, L. 1., Ukrain. Khim. Zhur., 
32. 189 (1966). 

[206) n~rgman, A. G., and ]\fisler, Zh. V., Russ. 1. Inorg. Chern., 
12,106 (1967). 

[207J Karparhev, S .. and Stromherg, A., Zilul'. Ohschei Khim., 
5, 625 (935). 

[208] Shkolnikol', S. N., and Gopienko, Zaved, Lab., 37, 1519 
(1971) . 

[209] Smirnov, M. V .. and Khokhlov, V. A., Fiz. Khim., Elektro. 
khim., 1,272 (969). 

[2101 Argyriudes, D .. Ph.D. Thesis, Techn. Hochschule Aachen, 
Germany, (19.')4·). 

[211] Lundina, Z. F., and Mashovet2, V. P., Ukrain. Akad. Nauk. 
Jn21. Khim., 5bornik Trudo". Penot \'!'esoyuznoi Kon. 
ferentzii Nellocluim Hastknram .. 191 (1935). 

[212] Dt'>~"!lijk. Y. N., l\felnikfl\', Yu. T .. and Nichkov, J. F., Fiz. 
Khil11. l'o\'erkh. Yavlt'nii RaspJavllkh., ] 72 (1971). 

[213] Nist'!'son, L. A., and Trel'yakora. K. Y .. Huss. J. Jnorg. 
Chem., 12. 452 (]967). 

[21·11 3ul'knwnn. H .. ncd /\rno''', 1"1.. Z. Elektrochem., 63, 565 
(1959) . 

[2151 :\lulsullIt!ra. Y .. ~li".!:ll". J\I .. nnd Nisilihara. K .. Ml'moir Fac. 
Eng. KYflln I 'nil'.. 28. 404 (]9(,6). 

[270] l\:[o('i.k". r,T. A .. 1 iSSB . .1\(':11[, ~('i. Nt'ws, 629 0'10). 

[217] Ni,,·j',"n. L. II .. l"J'lii·Ilik. A. I.. and S"kol()":J, T. D., Russ. 
]. lll"r~. 0"'111.. 9. :')7·1- (1 '1M). 

(218) II'L:rkllV, B. F .. alld Tara!'l'lIkn. A. '1\1., Zhur. Fiz. Khim., 
32, 1333 (1%8). 

J. Phys. Chem. Ref. Dolo, Vol. 4, No.4, 1975 



1176 JANZ ET AL. 

[219] Buckle, E. R., and Tsaoussoglou, P. E., Z. Naturforsch, 
27, 1759 (1972). 

[220] Cho, K., and Kuroda, T., Denki Kagaku, 40, 45 (1972). 
(221] Sagawa, T., Imperial University, Science Reports of Research 

Institute, First Series, Tohoku, 22, 960 (1933). 
[222] Votava, 1., and II1atiasovsky, K., Chern. Zvcsti. 27. 172 (1973). 
[223] Zezyanov, S. P., and I1'ichev, V. A., Russ. J. Inorg. Chern., 

II, 936 (1966). 
[224] Bloom, H., Davis, F. G., and James, D. W., Trans. Faraday 

Soc .• 56, 1179 (1960). 
[225] Smirnov, 1\'1. V., and Stepanov, V. P., Elcctrochem. of Molten 

and Solid Eipr.troiytp., 7, ')7 (l9flq) 

[226J Strelets, Kh. L., Taiz, A. J., and Guljanitzki, H., Metallurgie 
des J\lagnesiums, Veil Verlag Technik, Berlin (1953). 

[227] Semenchenko, K., and Shikhobalova, L. P .. Russ. J. Phys. 
Chem., 21, 707 (1947). 

[228] Neithamer, R. W., and Peake, J. S., J. Chern. and Eng. 
Data, 6, 197 (1961). 

[229] Lantratov, M. ;r., Zhur. Priklad. Khirn., 34, 1249 (1961), 
J. Appl. Chem., USSR, 34, 1190 (1961). 

[230] Nissen, D. A., and Carlsten, R. W., J. Chem. and Eng. 
Data, 18, 75 (]973). 

[231] Nissen, D. A:, and Carlsten, R. W., J. Electrochem. Soc., 
121, 500 (1974). 

[232) Peake, J. S., and Bothwell, M. H.., J. A mer. Chern. Soc., 
76, 2656 (1954). 

[233] Sokolova, T. D., and Voskresenskaya, N. K., Russ. J. Phys. 
Chem., 36, 502 (1962). 

[234·1 Boardman, N. K., l'dlJ1J<:l, A. R., and H"ymann, E., Trans. 
Faraday Soc., 51, 277 (1955). 

[235J Ellis, R. B., Smith, J. E., Wilcox, W. 5., and Crook, E. H., 
J. Phys. Chem., 65, 1186 (}961). 

[?!lIi] Grjotheim, K., Holm, J. L., Lillebucn, B., and !,)yc, H. A., 
Acla. Chern. Scand., 26, 2050 (1972). 

[23iJ Lehman, D. S., Ph.D. Thesis, Indiana University, 1959. 
[238] Dahl, J. L., and Duke, F. R., J. Phys. Chern., 62, 1498 (]958). 
[2391 Ellis, R. B., Prog. Rep. O.S.A.E.C., Contract No. AT-(40-l)-

2073, 11 (1958). 
[24OJ Ellis, R. B., Prog. Rep. U.S.A.E.C., Contract No. AT-(40--l)-

2073 (1962). 
[241] Reding, J. N.,.T. Chem. and Eng. Data, 11, 239 (I966). 
[242] Sternberg,S., and Terzi, J\1., Rev. Roumaine, Chim., 17, 

1147 (1972). 

[243] Bertozzi, G., J. Phys. Chern., 69, 2606 (1965). 
[244] Bertozzi, G., and Soldani. G .. .T. Phys. Chern.. 70, lRRR 

(l966) , J. Electrochem. Soc., Ill, 1355 (964). 
[245] Desyatnikov, O. G., Zhur. Priklad. Khim., 29, 870 (1956). 
[246] Mukaibo, T., and Massuno, T., J. Electro chern. Soc., 17, 

127 (948). 
[247] Bondarenko, N. V., and Strelets, Kh. L., Zhur. Priklad. Khim., 

36, 1271 (1962). 
[248] Smirnov, M. V., Stepanov, V. P., and Khokhlov, V. A., 

Electrochemistry of Molten and Solid Electrolyte", New 
York Consultants Bureau, 7,31 (1969). 

[249] Srnirnov, M. V., and Stepanov, V. P., Tr. Inst. Electrokhim. 
Akad. Nauk. SSSR, Ural Filial, 10, 27 (1967). 

[250] Banakovskii. V. P., Izv. AkaeL N~nk. SSSR. Oldel. Khir.>. 
Nauk., 5, 1940. 

(251] Ozornin, S. A., Smirnov, M. V., and Stepanov, V. P., Zhur. 
Priklad. Khirn., 42, 838 (1969), J. Appl. Chern. USSR, 
42, 796 (969). 

[252; Smirnov, 1\1. V., and Stepanov, V. P., Electrochemistry of 
I\JoJten and Solid Electrolytes, New York Consultants 
Bureau, 6, 10 (1968); Tr. Inst. Elektrokhirn. UFAN SSSR, 
9, 15 (1966). 

[253] Lilkbuen, B., Ph.D. Thesis, The Technical University of 
Norway, Trondheim, Norway (969). 

[254] Dahl, J. L., and Duke, F. R., U.S.A.E.C. Ct. ~o. W-7405-
ENG-82 (1957). 

J. Phys. Chem. Ref. Data, Vcl. 4, No.4, 1975 

[255] Ellis. R B" and Freeman, A. C., J. Phys. Chern., 69, 1443 
(1965) . 

[256J Sernenehenka, V. K., and Shikhohalova, L. P., Zhur. Fiz. 
Khiri,., 21, 1387 (1947). 

[257j Matsumura, Y., Mizuno, M., Sugino, 5., and Tanaka, Y., 
Suiyokai·Shi, 16. 488 (1968). 

[258j Grjotheim, K., Holm, J. L., LilJibuen, B., and ~ye, H. A., 
Inst. Inorg. Chern.. Technical University of Norway, 
N-7034, Trondheim, Norway (971). 

[2591 Jaeger, F. M., Z. Anorg. Chern., 101, 1 (1917). 
[260] Barzakovskii, V. P., Bull. Acad. Sci. USSR, Classe, Sci. 

Chim., 825 09tJ.(). 
[261J Lee, E., and Pearson, E. P., Trans. Elcctrochem. Soc., 88, 

171 (1945). 
[262] Bredig, M. A., Bronstein, H. R., and Dworkin, A. S., Discuss. 

Faraday Soc .. 32. lllR (lQl\l) 
[263J Khokhlov, V. A., Smirnov, M. V., and Stepanov, V. P., Russ. 

J. Phys. Chem., 40, 671 (1966). 
[264] Nisel'son, L. A., and Sokolova, T. D., Russ. J. Inorg. Chern., 

7, 1382 (1962). 
(265] Bredig, M. A., Bronstein, H. R., and' Dworkin, A. S., J. 

Phys. Chem., 67, 2715 (1963). 
[266j Luchinskii, G. P., Russ. J. Phys. Chern., 44, 1731 (970). 
[267] Lundina, Z. F .. and Mashovet~. V. P., Ilkra;n A 'kori N.llk. 

Inst. Proc., 191 (1935). 
[268] Nisel'son, L. A., Stolyarov, V. 1., and Sokol ova, T. D., Russ. 

J. Phys. Chern., 39, 1614 (1965). 
[269] Galka, J., Moscinski. J .. and Suski. L., J. C':hp.m. Thprmn. 

dynamics, 4, 849 (1972). 
[270] Golubykh, C. K., Kunaev, A. M., Voleinik, V. V., Shabdenov, 

B. A., Iliev, A. A., Konovalov, G. P., and Faib, L. 5., 
Zaved. Lab., 38, 1268 (1972). 

[271] Ellis, R. B., and Smith, J. E., Prog. Rpt., U.S.A.E.C., Ct. 
No. AT-(40--I)-2073·0RD 437 (1957). 

[272] Lumsden, J., Discuss. Faraday Soc., 138 (1961). 

[273] Jan7, G. J., Lorenz, M. R., and McIntyre, J. D., Rev. Sci. 
Instr., 32, 130 (1961). 

[274] Bloom, H., and Weeks, I. A., J. Chem. Soc., 2028 (}969)' 
[275] Darnell, A. J., :\1cCollurn, W. A., and Yosim, S. J., J. Phys. 

Chem .. 73. 4116 (]969). 
[276]. Desyatnik, V. N., Nichkov, 1. F., and Raspopin, S. P., Izv. 

Vysshik Ucheenykh Zavedenii. Thvetnaya Metallurgiya, 12, 
5 (1969). 

[2771 Dumas. D .. Grjotheim, K .. Hngd.hl, R, and ~}'e, H. A., Act". 
Chern. Scand., 24, 510 (1970). 

[278] Grantham, L. F., and Yosim, S. J., J. Chern. Phys., 72, 762 
(1968) . 

[279] Shabanov, O. M., Lbov, V. S., Smirnov, M. V., and Usov, 
P. M., Tr. Insp. Elektrokhim. Akad. Nauk. SSSR Ural. 
Filial, 6, 57 (965); Electrochemistry of Molten and Solid 
Electrolytes, 3, 49 (1966). 

[280] Vasu, G., Rev. Roumaine Chim., 14, 167 (1969). 

[281] Ichikawa, K., and Shimoji, M., Trans. Faraday Soc., 62, 
3543 (1966). 

[282] Costin, R., and Zuea, S., Rev. Rournaine Chim., 15, 1831 
(970) . 

[283] Bertram, R., Lambrecht, P., and Wiebe, D., Metalloberflasche, 
24, 120 (970). 

[284] Jaeger, F. )1., and Kahn, J., Koninkl Ned. Akad. Vn. Weten. 
schappn_ Pmr. Ser. B., 19, 381 (1916). 

[285] Cho, K., Irisawa, K., Mochinaga, J., and Kuroda, T., Electro. 
chim. Acta, 17, 1821 (1972). 

[286] Emons, H. H., and Tautz, W., Z. Chem., 9, 117 (1969). 
(287] Balakir, E. A., Bushuwev Yu. G., and Kudrvavtsev, Yu. V., 

Siberian Chemical Journal, Izv. Sibirsk. Otd. Akad. Nauk. 
SSSR, Ser. Khim., 9, 57 (1968); Siberian Chemistry 
Journal, 2, 164 (968). 

[288] Sakai, K., J. Chem. Soc. Japan, 75, 182 (1954). 



PROPERTIES OF CHLORIDES AND MIXTURES 1177 

[289J Lbov, V. S .. anci Smirnov, II!. V .. Elcctrochem. of Molten 

and Soli" ElectrolyteE, 5, 5 (19671; Td. Tnsl. Ekklrokhim. 
Akad. NHUk SSSR Urals Filial, 8. 7 (1966). 

l290j Dar.ek, \'., Mat ia~o\'sky, K .. and LiJiciJu('n. D., Rev. Roumaine 
Chim., 16, 163 (1971). 

[291; Nisel'son. 1. A .• and Soko!ova, T. D., RUEs. J. Inorg., Chern., 
10, 827 (1965). 

[2921 Jo:mson, J. W., and Cubicciolli, D., High Temperature 
Science, 2, 9 (]970). 

[293J Djordjevic. 5., and Hills, C. J., Eieclrochim. Acta. 13, 
1721 (1968). 

[294,~ MU:'gllj~scu, J. G., ar.cl Zuca, S., Z. Phys. Cilem., 222, 300 
(962) . 

[295: McColluno, \1/. A .. mod Darnell, A. J., J. Chern. Ph),s., 55, 
116 (l97l). 

[?QliJ J\.f"rknv, 1< 1<' "n,] Pn]idH.'huk A, 1<', llkroin, Khim, 7;'l1r" 

31. 1133 1196S). 
[2971 Polishchuk, A. F .. and illarkov, B. F., Ukrain. Khim .• ZilUr., 

31. 1065 (965). 
[298] Dworkin. A. S .. Bronstein. H. R., and Bredig, !II. A., J. Chcm. 

Ph),;; .• 70. 2384 119661. 
[299] Emon;;. H. H., and Richter, D., Z. Anorg, Clw!11., 339, 91 

(965) . 
[300] Reilly. M. H., and Fullcr, R. G., Ph),s. Rc\,. Lctters, 19, 

li3 (967). 
[BOIl G)'ant~lam, 1. F., J. Ch~m, Phys .. 44. lS09 !l966). 
[302] Yosim, S. J.. and Grantham, L. F., J. Phys. Chem., 67, 

2506 (1963), 
[.'$0.31 Groth''- K. Ii .. Naturwisscnschaftcr., 21, ~~<! (1\161). 

[30+] SlImarOkOlla, T. N., and K1:irlina, R. A., Zhur. Ohs11. Khim., 
.39,1881 (1969): J. Cen. Chem. llSSR, 39. ]918 (]969). 

[3051 Mati"so\'sh. K .. Dallek, V" nnd Lillebu~n, R, El,'clrochim. 
Acta, 17, 463 (1972). 

[306] Pugache1'irh, p, P .. Niecl'SOll. L. iI., and Sokolo\'a, T. D., 
RUeS. J. Innr;;. Clwl1l., 8. 404 (1963). 

[307] Pugachc\"ich. P. POo Trcm'yako},a, K. V .. and NiserFon, L. A., 
7h"r "Vi7 Khi,,1.. 4.0 2902 0(66): R·o,., J, PO'Y.' Cham" 

4·0, 1.'560 (1966). 

[308] Holm. 1. L., PiloD. Thesis. t'niv. of Trondhe;m. Norway, 
tl97I) . 

[309] Keldaa)', J. A. A .. nnd ,Macnaut, P. P. EOo EJectrocl:im. 
Acta, 17, 2195 (1912). 

[310] Johnson, .l, W .. Sih-a. \\'. J" and Cubicciotli, D" J. Phys. 
Clwm., 70, 1169 119(6). 

[3111 Cho, K., allt! Kuroda, T., Denki Kagaku, 40. 878 (}972). 

[312] Cho. K., a1',{\ Kuroda. T., Dcnki Ka)!:aku, 40. 837 (l972l. 
[313] Cleavcr. B .. and Smcd,(')', S. 1., Trans. Faraday Soc., 1115, 

67 (]91l). 

[314-] Zura. S .. ,private rnnl111llnicat:nn to G. J. Janz (19,3). 
[3151 RI't'\,t·S. It. D .. all" Jal1~, C, .I., Tran", y"rad"y ~tlc., bl, 

2305 (1965). 
[316] ~lurgu:~,cu, J. G" anrl Zura. S., Z. Physi~. Chem., 220, 

300 (196.s). 
f317] FCUlnin. A .. \ .. }~ih1t'T. f'. C., Killg, L. A., uud Seeg.I!Ii11el~ 

D. ,\ .. J. Chem. En,,:. Data, 19, 2G6 (l974): Air Force 

Sys:cms Con:mand. U. S. Air Force. Technical Report 
SHL-TR-74-0020. September (19741. 

[3181 Karai11\',he·;, E. POo Yit;"in. A. L Ozhrgo\", P. I., Lewnkoy. 

V, V .. an,; Kipo\'. J. G .. Ru'5, J. Ph)"s. Chem., 47, 597 
(1973). Zh. Fiz. Khim., 47, 104,9 (1973). 

[819] :'Iurgulescu. I. G., and Zura, S" Z. Pill'S. Chem., 218, 
379 (1961). 

[,320] ]\[oYl1i;,an. C. 1'., J. Chem. Educ., 44·. 531 0%7). 

[321] Le,,;n. E. M .. Robbins. C. R., anci Mc!\"jurciir, H. F., "Phase 
Djagralll~ for- Ceram;f:ls." Ref.t>r. l\L K. (pcl.) ~ The ."meri
can Ccr;lmil' Society. 1964 (1969). 

[322] Vn;;krcst'mkaya. l'I. K. (,",1.) "Ranrlhook of Solid·Liqllici 
Equi[ibria in S,'stcnls ,,: Anhy,lrou5 lnnrganie Salls." 2 

Vol., Trans. from Russian. lsrad Pragranc for Scicn'.ific 
Trar.siations, Jerusalem (1970). 

[323] Van Arlsci:den. E. R.. an,l ~'affl'. J. S .. .T. Phys. Chem .. 

59, IlS 0955). 
[32.Jc] Ichikawa. K., and Shimoji. 'II.. ])enki Eagaku. 36,123 t1%8). 
[~<!;,l Y",ilIlJa. S. and Clyalllada, H .. flPnkl Kagaku. 41, 221 (197,'\). 

[3261 Kuz·midw\"u. ;\. F., and Zakl"aiin,kii, lII. N .. ]z\". Nauch. 
leske!. iI;,,!. Ndte j lIg('kkhilll. ~jn. lrkutsk. linil'., 12, 
H3 (1970). 

[3271 P"i),IlI't. ./. COo nnd llnrb'l'. :II. ./ .. R,,\". lnt. Hm:t", Tempf'r. 
t't H,'[nll't .. 8. 2], t i9,l'l. 

[3281 HIIlr:l. .1. L.. ",'ta. Clll'll1. SI''''''1.. 25. :'l)()<) (J9'l). 
[3291 Kar.ll11\"shc\". E. 1' .. \"itkin. ;\. J.. o7.h,p;lI\". P. I.. L('\"enkoY, 

Y. Y .. and Kipor. 1. COo HUeS. J. Ph\"s, Chel11., 47, 597 
(J973): Zhur. Fiz. T\:h:tll .. '~7. lO~9 (]9731. 

[3301 Brauti)'alll. G .. and Enwn,. H. B .. Z. ·\norg. :\11,.:. eltfm., 

394. 271 (197:21. 
[3,31] Fmon<, H H nl'""li~""111 c: :m.J \'o::,\. H .. 7, ·\non;. Ali)!. 

Chfl11 .. 394. 26:, 1197:21. 
[332] B:·ockIlI'r. W .. Grjotlll'il1l. K .. Ollta. T.. ar.d 0y,>. H. A" TIp]'. 

]3uns[,n·CesellsdHlft; 79. ,HI (] 0,:1): O:Jta. T .. Ph.D. Tlte' 

sis. Institute :or Inorganic Chemistry, Uniwrsity of Trond· 
hcim, Norway. Apr;: (1971-'1. 

[3331 

[331-1 

DUllIaS, D., Fjeld. B .. (;rjlltlll'ill1. 1\:., anrl ('Iyt'. H. ,\., Acia. 

Chcmit'a Sean.! .. 27. ,)19 119"Ql. 
Desvatnik. V. N .. Kat\"I",\". ,:;. Foo :llcillikll\'. Yu. T .. and 

Raspopin, S. P .. PI>;·"j(',,1 Cll<'ll1i"try en.! Elvl'lr«dl(,lllbtr\' 

of Molten ant! ~olid E[cCIl'lIhte', J. Strll('tllre ant' Prnper. 

ties of Elertrlll,,!e,. R"Jlnrt~ of :\11 lbinn C"nfen'lIc~, 
Swt'rcl1o\\'sk. .lzmf (197:S'1. 

f<loo] Kucharfkl. ;\. ~ .. anei Fl<'llf"lF. ~, N .. ,), Ek('t~ol'il<'Jl1. 5oc .. 

121, 1298 1197·1.1. 
[336] Emons, H. R .. Brau:igmn. C .. and Y")'t. H .. Z. :\nnrg. AUg, 

Ch~l11., 397. 13] (197,3). 
[3371 Kllrmuev. R. Kh .. Kllprianfl\a. J.. ,,\ .. :lla11-1·\'. l\'. :\ .. und 

Krokhin. V. ;\., ]Z\"(',(i\'a \"y,.ik:l t 1c111'h. ;:;",,',l<'lIii. 

lfzetnuya l\Ictallur;:iya. 17. 28 t]~~·r,. 

[:3.38J SUFki, L .. and Stachowicz. 1... EI<·"tr<H'ltilll. :\lIn.. 17. ]98:
(1972) . 

[339j Kuvakin, ]\1. A., E",tifcn. E. N .. 1"p"lin, \'. :\ .. End Taial'(I\<1. 
L. 1., Rus> . .1. Phvf. Chl:'l11Oo !J,7. ~)89 I J97:11: /.::Ilur. Fiz. 

Khim., 47. 1036 1l9'3). 
f3401 Tripber, G.. and Todhpidp, 1..:.. Dnnff·n·Gc'f,·1l,cl11Ifl Ph)",. 

Chem., 77, ;'40 (]973'. 
[3411 Tricber. G .. and T"rlh('id('. K .. HI'I", DlllH'n,(;",,·lI.'cllU;t Phys. 

Chem" 77, 1079 {19731, 
[3·121 BurklE', E. R., and T,uou,,,,,;:[ou. P. E., J. Clwm. ~"r .. F'Il'a. 

.lay Trans .. 68. 102·1· (19,2). 
[3431 Shahan",", O. liT.. Cadz;li!'\'. S. :'Ii .. unci Tagire"'. S, Ill.. 

EJcctrokhimiya. 9. 1742 I: 973' . 
[34:;] Schonehorn. c., D. Sr. Thesis. Technical Lini,'cr,it)' of 

l'lannowr 1197 iP. 

[3,tG] Ruhan. i\'. N., anti kl('ra. S. :11.. Trud)". T1H. :If<-taliurgi:

Obogoscheni ANKSSH. 18. BR (19M'" 
[3,tlj Biltz, '\I; .. and Yoi;rt, A .. Z. :\nor~. CiH'll1 .. 126.39 (19:23'1. 
[3-18] Killi;. L. :\Oo "nd g~ef:miJlrr, n. w .. J. Chpl1l. '11ld Eng. [)<1la. 

16,23 (19111. 
[34-91 Grotht'. K, ll .. KJc.in",ltmit. P .. ant! Frank,·. I... 7.. ;\ nor". 

,\11g. Chen: .. 391. 2:,;) : 19~:21 :11111 Kh-i"'l'lll:l;t. i' .. Ph.D. 
ThE'~i!3~ lJniYC'T£-ity of HannoH'r (P)()S I. 

[3::;OJ J\TorhinHga. ]., and Igara,hi. K .. Dull. ChC'lll. SOl'. Jpn .. 4,8, 
713 (197;') 

[3,:;1"1 C",·{'nv;o"cl. N. N .. an(: '\I'w"!',,]!. 1. .T .. ,]. \nnrg:. Nllcl. ClICIll .. 

~, :,';7 (]');';7
' 

[3521 ZU(,<l. S .. end B~)lT[jn. n .. H,'y. Rou11l. Chim .. 19. ')~.3 (j9i1.). 
[,~~31 hnl.. C, .l.. n"",))I'\" .. :. j) .. .Ir .. C·mJ",,\'. C, 1. .. an,l "\hll'"1'.:lI.. 

1I1lPHldi:--llt'd 1\'(lrk (197.') l. 

[.'l.s4.j Nil'hol'. T. F .. Tnlll"ehrn'. V, A .. and TITnrd"yin. A. Eoo R,,'F, 
J. [nor)" CllI'I)) .. 19 .. JeW IJI),,1-1; I:h, Neorg. Kh;1I1 .. ]9. ~23 
11974,) . 

[3SSj Yosilitla. S, .. }\\-ano. T .. '\lltI 1..:ufotla. T" Dcnki 1\::I!-,,,hoo 4-I. 
427 (1973). 

J. Phys. Chern. Ref. Data, Vol. 4, No.4, 1975 



1178 JANZ ET At. 

[356] 1Il:ochinagn. J .. nnd Irisowa, K., BnE. Clmn. :3oc., Japan., 4·7, 

364 (l9i4). 
[357] D~5yatnik, V. N., Emel'yanov, N. M., and Haspopin, S. P., 

Russ. J. Phys. Chem., 48, 1117 (1974); Zh. Fiz. Khim., 48, 
1880 (1974). 

[358] Lyubimov, V. N., Fedotov, V. A., and KUzlletsov. A. P .. hv. 
Sib. Old. Akad. Nauk SSSR, Ser. Khim. Nauk, 5, 6 (1973). 

[359] Matsumura, Y., Tanaka. Y., and IVIizuno, 1\1., Trans. Jap. 

Weld. Soc., 4. 126 (1973). 
[360] Desyatnik, V. N., Nazarov, V. E., and Raspopin, S. P., Pover~ 

khnostyne Y U\'lcniya v. Zhidkostyakh i Zhidkikh Rastvorakh., 
2,;,1:l (11113). 

[361J Susie, M., and l\lcntus, S. V., J. Chem. Phys., 62. i44. (1975). 
[362] lIJordovin, A. E., l\ichkov, I. F., and Tomashov, V. A., Russ. J. 

Phys. Chem., 48, 860 (1974). 
[3u3J VUnJ"ill. B. 1'.1., J3arallllY, S. P., ~JHl Pl"j£yuz\wyil, V. D., Uhl. 

Khim. Zh., 40, 1199 (1974). 

J. Fhys. Chem. k'Cf. Delte, Vol. 4: No. ~; 19i5 

[364] Vitkin. Y. A., Kokourovu, E. C., Kochergi:"h Y. P .. P\otn:kova. 
T. P., and Sniginerl'3, Yz\,. AN SSSR, OTN 1\Ietallurgic I 
To;)liovo, 4, 1.19 (1959). 

[365J Isbill. N., dnd lsbm, M. n.., Tndian J. Cl)pm .. 12. jO;, (1974-). 
[366] Kuzmieh·ev3. A. F. and ZakhvaJjn~kii, AI. N., Vzaimodeistl'ie 

Khloridov i Sul'fntov Shchclochnykh i Shrheiochnozcmel· 
nykh lIktallo\' V Rasplavuhk. 180 (1972). 

[.167J Mo('hinaga, J., and Shimada, Y., J. Fac. Eng. Chiha Unil',. 25 
[:J.7], l2.3 (19i31. 

13GB] Eji:11a. T., and Ogasawara. Nippon Killzoku Gakkaj~hi. 39, 
293 (975). 

[JOY] Unwtsu, J., Ishii, Y., Sawada. T .. and Ejima, T., Nippon 
Kinzoku Gunai,]]i, 37. 997 t1973i. 

[370J Plldafa, B. P., .5auchenko, L. T., and Dullo\'oi, P. C" Ukr. 
Khill1. Zh., 41,546 (1975). 




